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INTRODUCTION 

Examination  of  published  literature  pertaining  to  rotation  of 
crops  and  crop  sequence  in  the  United  States  reveals  a  dearth  of  in- 
formation that  might  be  applied  in  making  recommendations  for  the 
continued  production  of  crops  on  land  subject  to  water  and  wind 
erosion.  Experimental  results  have  been  obtained  principally  on 
level  or  gently  sloping  land,  for  uniform  land  conditions  at  any  station 
are  necessary  to  obtain  comparable  crop  yields.  In  general,  in 
publications  relating  to  the  experiments,  no  attempts  have  been  made 
to  distinguish  between  recommendations  for  erodible  soils  and  those 
not  subject  to  erosion.  Proper  land  use,  except  in  a  few  instances, 
has  not  been  given  consideration. 

The  present  condition  of  our  agricultural  lands  as  a  result  of  erosion 
is  pointed  out  by  the  National  Resources  Board  (125). l  Thirty- 
five  million  acres  of  former  cropland  have  been  completely  destroyed 
by  erosion,  125  million  more  are  severely  eroded,  and  an  additional  100 
million  acres,  although  not  in  a  serious  condition,  are  subject  to  active 
sheet  and  gully  erosion.  These  figures  are  from  a  Nation-wide  survey 
conducted  in  1934. 


*  Italic  numbers  in  parentheses  refer  to  Bibliography,  p.  42. 
201060°— 40 1 


2  CIRCULAK    NO.    5  5  9,    TJ.    S.    DEPARTMENT    OF    AGRICULTURE 

In  the  United  States  speculative  farming  has  been  the  general 
practice,  and  all  possible  effort  has  been  made  to  continue  producing 
cash  crops  to  the  exclusion  of  grasses,  legumes,  and  other  soil-improv- 
ing crops.  Continuous  production  of  cotton  in  the  South,  corn  in 
the  Ohio  and  upper  Mississippi  Valleys,  and  wheat  in  the  central  and 
northern  Great  Plains  and  the  Palouse  country  of  Oregon,  Washington, 
and  Idaho  has  resulted  in  an  enormous  loss  of  valuable  soil  through 
erosion  (fig.l).  There  are  no  more  new  lands  to  move  to  when  the 
fields  become  unproductive,  and  the  speculative  farming  days  are 
ending.  Gradually  the  speculators  are  being  forced  out  and  farmers 
who  love  the  land  and  have  a  real  desire  to  maintain  it  for  future 
generations  are  taking  possession.  The  wave  of  speculative  farming, 
naturally,  was  from  east  to  west;  and  the  older  agriculture  of  the 
Eastern  States,  as  would  be  expected,  apparently  has  a  higher  per- 
centage of  non speculative  farmers. 

Etheridge    (3S),  in  considering  Missouri's   agricultural  problems, 


Figure  1. — Proper  land  use  is  fundamental  in  erosion  control.  These  steeper 
slopes  and  hilltops  in  the  Palouse  country  in  Washington  are  seeded  to  a  legume- 
grass  mixture  to  protect  the  fertile  lands  in  the  valley. 

points  out  that  a  conservative  estimate  of  the  present  productivity  of 
the  farm  lands  of  Missouri,  excluding  bottom  land,  is  only  60  percent 
of  the  productivity  of  the  original  soil.  Under  the  older  but  more 
thrifty  agriculture  of  Ohio,  crop  returns  are  estimated  to  be  only  50  per- 
cent of  what  they  might  be  if  the  lands  were  virgin.  Etheridge  lays 
this  loss  in  productivity  to  soil  erosion  and  the  loss  of  fertility  caused 
by  crop  production.  He  points  out  that,  although  better  tillage 
methods  and  fertilizers  are  being  used  and  crop  rotations  are  prac- 
ticed and  although  improved  varieties  of  crops  have  been  developed 
and  insect  and  disease  control  has  improved,  crop  yields  have  barely 
been  maintained. 

The  United  States  Department  of  Agriculture  and  the  State 
experiment  stations  and  extension  services  have  been  recommending 
crop  rotation  with  a  greater  degree  of  success  each  year.     So  long 
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as  land  couJd  be  kept  in  continuous  cash  crop  without  material 
reduction  in  yield,  very  little  progress  could  be  made  in  the  use  of 
rotated  crops.  When  yields  began  to  decrease,  farmers  were  willing 
to  grow  such  legumes,  cereals,  and  grasses  as  could  be  used  for  soil 
improvement  without  losing  a  year  in  the  production  of  a  cash  crop. 
The  spread  of  the  practice  of  using  crop  rotations  has  been  slow 
and  has  come  from  the  failure  of  continuous  cropping  to  be  relatively 
profitable  rather  than  from  an  appreciation  of  the  need  for  such 
practice  to  maintain  soils  in  a  high  state  of  fertilit}- .  This  is  aptly 
expressed  by  Von  Liebig,  according  to  Hopkins  (60,  p.  592): 

Modern  agriculture  has,  up  to  this  time  (1859),  no  connection  with  the  history 
of  the  development  of  man.  That  history  is  the  mirror  which  reflects  not  only 
his  errors  and  failures,  but  also  his  onward  progress.  But  modern  agriculture 
rejects  the  idea  of  ever  being  in  error,  and  therefore  she  knows  nothing  of  progress. 

Crop  rotation  is  generally  defined  as  a  more  or  less  regularly  recur- 
rent succession  of  different  crops  on  the  same  land.    Many  advan- 


Figure  2. — Proper  utilization  of  alfalfa  or  alfalfa-grass  mixture  in  a  crop  rotation 
in  Illinois.  Bringing  pasture  crops  into  the  rotation  provides  excellent  pasture 
and  also  improves  the  soil. 

tages  of  rotating  crops  might  be  enumerated.  The  most  important 
are  (1)  maintaining  or  increasing  crop  yields,  (2)  systematizing 
farming,  (3)  saving  labor,  (4)  controlling  weeds,  insects,  and  plant 
diseases,  (5)  aiding  in  maintenance  of  organic  matter  and  nitrogen 
in  the  soil,  and  (6)  lessening  of  soil  losses  through  erosion. 

Probably  the  most  widely  recommended  rotation  consists  of  (1) 
a  tilled  crop,  (2)  a  small  grain,  and  (3)  a  legume  or  grass  crop.  These 
crops  are  grown  in  the  order  named.  The  tendency  has  been  to 
lengthen  the  rotation  to  include  a  greater  number  of  years  of  tilled 
and  small-grain  crops  until  forced  by  reduced  yields  to  resort  to  a 
longer  period  of  legume  or  grass. 

Legume  and  grass  crops  are  generally  recognized  as  soil-building 
crops,  and  their  use  in  a  rotation  is  primarily  for  soil  building  (fig.  2). 
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After  a  soil  has  been  cropped  for  a  long  period  to  corn,  cotton, 
or  wheat,  the  inclusion  of  a  legume  for  only  1  year  frequently 
increases  the  yield  of  the  following  cash  crop  very  materially,  largely 
through  available  soil  nitrates.  This  "boost"  is  sometimes  too 
much  for  a  following  small-grain  crop,  causing  excessive  vegetative 
growth  and  subsequent  lodging.  For  that  reason  it  is  advisable 
to  follow  the  legume  with  a  row  crop,  particularly  in  humid  regions. 
Grass  in  the  rotation  does  not  give  as  great  response,  generally, 
in  subsequent  crop  yields,  but,  on  some  soils  at  least,  it  apparently 
excels  the  legume  in  that  it  provides  a  better  balance  of  plant  nutri- 
ents and  a  greater  improvement  in  organic  content.  When  it  is 
considered  that  our  very  finest  soils  were  built  up  under  grass,  the 
desirability  of  grass  in  the  rotation  becomes  apparent.     The  New 


Figuee  3. — Good  land  use  in  Minnesota.  The  contour  strip  cropping  follows 
the  regular  small-grain,  legume,  and  row-crop  rotation.  Pasture  lands  lie 
between  the  cropland  and  the  timber  (note  windmill  in  pasture  at  right).  A 
trial  of  Gradoni  terraces  (Italian-type  hillside  terraces)  can  be  seen  on  the 
hill  at  the  left. 

Jersey  Agricultural  Experiment  Station  (86)  gives  data  on  land 
that  showed  an  increase  of  1,340  pounds  of  humus  per  acre  after 
being  in  grass  sod  for  only  2  years. 

On  soils  that  are  very  low  in  organic  matter,  the  incorporation 
at  one  time  of  too  much  carbonaceous  material,  such  as  dry  grass, 
ripe  grain,  straw,  or  weeds,  frequently  depresses  the  yields  of  follow- 
ing crops,  because  the  soil  bacteria  and  fungi  in  decomposing  the 
material  draw  on  the  limited  supply  of  soil  nitrates  and  thus  decrease 
the  amount  available  for  plant  growth.  Grass-legume  mixtures 
should  be  used  on  such  soils.  In  fact,  there  are  many  advantages 
(5,  lJf-5)  in  using  grass-legume  mixtures  for  purposes  other  than  soil 
improvement.  These  mixtures  tend  to  prevent  the  heaving  of  legumes 
in  heavy  soils  during  the  freezing  and  thawing  of  whiter;  and  certain 
legumes  can  be  grazed  without  danger  of  bloat  to  livestock,  if  suf- 
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ficient  grass  is  eaten  with  them.  The  addition  of  grass  to  seedings 
of  legumes  also  aids  materially  in  the  control  of  erosion.  This  is 
particularly  true  of  alfalfa,  which  seeded  alone  seems  to  give  very  poor 
erosion  control  on  some  soils. 

Any  appreciable  change  in  the  acreage  of  tilled  crops,  small  grain, 
and  grass  and  legumes  has  considerable  effect  on  the  agriculture 
of  any  locality,  State,  or  region  (fig.  3).  This  is  more  pronounced 
in  areas  that  have  been  producing  principally  one  crop.  Where 
the  acreage  of  erosion-control  crops,  namely,  sod-forming  grasses 
and  legumes,  is  materially  increased,  some  increase  of  livestock 
and  livestock  products  is  necessary.  On  many  farms  these  products 
are  needed,  for  farmers  depending  almost  wholly  on  a  single  cash 
crop  frequently  go  without  meat,  milk,  and  eggs,  which  they  should 
have  to  provide  proper  nourishment  for  their  families. 

It  must  be  recognized  that  the  days  of  bonanza  farming  are  over. 
Millions  of  acres  of  abandoned  land  stand  in  mute  testimony  to  our 
speculative  cash-crop  production  of  the  past.  Continuous  cash- 
crop  production  as  a  permanent  practice  is  impossible.  It  cannot 
be  continued  indefinitely.  Gradual  diversification  of  farming  is 
imperative. 

LOSSES  IN  SOIL  ORGANIC  MATTER 

The  recommendations  of  the  State  experiment  stations  concerning 
the  use  of  grasses  and  legumes  in  crop  rotations  have  not  been  suffi- 
ciently strong.  A  study  of  the  application  of  the  recommended  rota- 
tions on  farm  lands  reveals  that  soil  erosion  and  depletion  have  been 
going  on  rapidly,  particularly  on  sloping  lands.  It  seems  apparent  that 
rotations  on  sloping  lands  must  contain  more  years  of  grasses  and 
legumes  if  the  organic-matter  content  of  the  soil  is  to  be  maintained. 

A  study  in  Ohio  (94)  compares  the  effect  of  rotations  and  continuous 
crop  production  on  the  organic-matter  content  and  soil  nitrogen.  The 
land  on  which  the  study  was  made  was  drained  and  limed;  no  fertilizer 
was  applied.  The  tremendous  loss  in  organic  matter  and  soil  nitrogen 
is  apparent  in  the  following  tabular  presentation  of  the  results  of  the 
experiment  (table  1). 


Table  1. — Effect-of  cropping  systems  upon  soil  organic  matter  and  nitrogen,     hand 
limed  and  drained,  but  otherwise  untreated.      (Ohio  Experiment  Station.) 

Cropping  system 

Duration 
of  test 

Quantity  per  acre 
in  surface  soil 

Organic 
matter  l 

Nitrogen 

Years 
32 
32 
32 
32 
29 

Pounds 
12, 156 
21,  722 
21,  826 
26,  515 
29,549 
36,  825 

Pounds 
820 

1,300 

Wheat,  continuous 

Corn,  oats,  wheat,  clover,  timothy,  rotation.   __        .        _     _     __ 

1,320 
1,540 

Corn,  wheat,  clover,  rotation.     _______         ._     __  __      ___      __     _ 

1,760 

2,240 

1  Organic  carbon  X  1.724. 

Data  from  Ohio  Agricultural  Experiment  Station  Bull.  402,  table  7,  p.  20. 
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It  is  apparent  from  this  table  that  a  rotation  containing  a  grass  or 
legume  is  of  great  value  in  maintaining  organic  matter  and  soil  nitro- 
gen .  It  is  unfortunate  that  an  accurate  comparison  with  the  original 
soil  is  not  possible,  since  such  information  is  valuable  when  attempting 
to  determine  what  type  of  rotations  are  necessary  to  maintain  or  actu- 
ally to  improve  organic-matter  content. 

DeTurk  (34),  in  discussing  experimental  work  in  Illinois,  states  that 
the  organic  content  of  the  soil  under  natural  conditions  increases  to  a 
certain  point,  usually  in  the  early  stages  of  profile  development;  then 
a  decline  follows  until  in  the  most  advanced  stages  of  development 
only  fairly  low  amounts  are  found.  The  entire  process  is  closely  asso- 
ciated with  biological  processes.  Native  vegetal  cover  has  a  marked 
effect  on  the  organic  content  of  soils.  In  early  maturity,  grassland 
cover  produces  a  relatively  high  peak  and  forest  vegetation  a  relatively 
low  peak.  The  reduction  in  organic  content  that  accompanies  subse- 
quent soil  development  tends  to  equalize  organic-matter  content  in 
the  two  soils,  and  mature  prairie  soils  contain  but  little  more  than 
mature  forest  soils. 

In  reference  to  an  experiment  conducted  on  25  Illinois  soils  to  deter- 
mine the  possibilities  of  raising  their  productivity  level,  DeTurk  writes 
(34,  p.  108): 

Although  the  yields  on  the  poorer  soils  have  been  more  than  doubled,  they  are 
at  best  only  50  to  60  percent  as  high  as  on  the  better  soils.  They  cannot  be 
brought  up  to  the  higher  production  levels  because  nature  has  done  to  these  soils 
what  man  cannot  undo.  They  no  longer  have  their  original  holding  capacity  for 
the  basic  elements.  They  no  longer  have  the  supplying  power  for  the  inorganic 
salts  required.  They  no  longer  have  facilities  for  controlling  water  relations  and 
consequently  are  susceptible  to  the  vagaries  of  the  weather. 

DeTurk  further  points  out  that  protective  and  constructive  meas- 
ures can  be  used.  Liming  saturates  the  base  capacity  and  corrects 
soil  acidity.  The  quality  of  organic  matter  but  not  the  quantity  may 
be  partly  or  fully  restored  by  rotations  carrying  suitable  soil-conserv- 
ing crops.  Through  exhaustive  cropping,  the  high  production  capacity 
of  less  mature  soils  has  been  brought  to  a  low  level  in  a  short  time  by 
loss  of  organic  matter  or  of  the  ability  of  the  soil  to  supply  essential 
minerals,  or  both. 

Schafer,  Wheeting,  and  Vandecavey  (111)  point  out  that  the  return 
of  crop  residues  has  delayed  soil  depletion  in  the  wheat  soils  of  Wash- 
ington but  that  an  application  of  straw  to  the  soil  temporarily  depresses 
nitrate  development  and  thereby  reduces  yields.  As  soil  becomes  de- 
pleted of  nitrogen  and  organic  matter,  it  becomes  more  and  more  diffi- 
cult to  incorporate  crop  residues.  Soils  that  develop  nitrates  most 
rapidly  are  well  supplied  with  nitrogen  regardless  of  the  fact  that 
applications  of  straw  depress  soil  nitrates.  Yet  the  soil  nitrogen,  which 
is  definitely  related  to  soil  organic  matter,  must  be  maintained  if  crop 
residues  are  to  be  effective  and  crop  yields  maintained  permanently  on 
a  high  level. 

The  practice  of  burning  stubble  has  developed  because  wheat 
yields  have  been  reduced  by  plowing  large  quantities  of  stubble  into 
the  soil.  Schafer  recommends  the  inclusion  of  a  legume  crop  in  the 
rotation  as  the  most  inexpensive  method  of  increasing  the  nitrogen 
supply  in  the  soil,  and  he  points  out  that  the  legume  increases  the 
yield  of  the  subsequent  wheat  crop  in  addition  to  increasing  the 
nitrogen  content  of  the  soil. 
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According  to  Pubols  and  Heisig  {102),  the  use  of  improved  methods 
of  farming  and  the  introduction  of  superior  varieties  of  wheat  have 
been  largely  responsible  for  maintaining  the  average  yields  of  wheat 
in  Washington  during  a  period  of  decreasing  precipitation  and  rap- 
idly deteriorating  soils.  The  rapid  decline  of  the  soil  resources  sug- 
gests that  effective  soil-  and  moisture-conservation  methods  must 
be  adopted  in  order  to  maintain  yields.  They  accordingly  recommend 
an  increase  in  the  use  of  legumes  in  areas  of  heavy  precipitation  to 
prevent  soil  washing  and  to  restore  soil  fertility,  and  advise  rough  tillage 
and  the  use  of  grasses  in  long  rotations  in  the  areas  of  light  pre- 
cipitation. 

Throckmorton  and  Duley  (121,  p.  14)  point  out  that  crop  yields 
have  decreased  materially  in  Kansas  over  a  long  period,  and  present 
data  showing  the  decrease  in  the  average  yields  of  corn.  The  trend 
is  shown  in  the  following  tabulation  of  the  average  corn  yields  in 
Kansas  by  10-year  periods,  1865-1924. 

Period  of  average  yields:  Bushels 

1867-74 33.  6 

1875-84 ____  36.  9 

1885-94 23.  8 

1895-1904 21.  5 

1905-14 19.  3 

1915-24 18.  4 

The  decline  in  corn  yields  in  Kansas  and  the  decline  in  nitrogen 
and  organic  matter  in  the  soil  are  very  closely  related.  A  compar- 
ison of  the  losses  in  nitrogen  and  organic  matter  by  soils  left  in  native 
sod  with  the  losses  by  soils  of  the  same  kind  on  adjacent  areas  that 
have  been  under  cultivation  reveals  that  30  to  35  percent  of  the  organic 
matter  and  25  to  30  percent  of  the  nitrogen  have  been  lost  from  soils 
that  have  been  cultivated  approximately  30  years.  Table  2  shows 
the  losses  for  several  soils. 

Table  2. — Nitrogen  and  organic  matter  in  Kansas  soils,  showing  decrease  resulting 

from  cultivation 


County  and  soil  type 


Cropping  system 


Content  per  acre 


Nitrogen 


Organic 
matter 


Riley,  Oswego  silt  loam 

Brown,  Marshall  silt  loam 

Russell,  Sedgwick  clay  loam 

Allen,  Oswego  fine  sandy  loam 

Butler,  Sedgwick  clay  loam 

Greenwood,  Osage  silty  clay  loam___ 
Greenwood,  Summit  silty  clay  loam 
Reno,  Reno  loam 

Average 


("Native  meadow 

\ "Wheat  and  corn  30  years 

[Native  meadow 

<  Average  of  6  cultivated  soils  (corn,  oats 

[    and    wheat) 

/Native  buffalo  pasture 

VWheat  30  years 

("Native  meadow 

\Corn  and  broom  corn 

/Native  pasture 

\Corn  and  forage  crops 

/Native  meadow 

\Corn  30  years 

/Catalpa  grove 

\ Average  of  5  cultivated  soils 

(Native  pasture 

\  Average  of  3  cultivated  soils 

("Native 

(Cultivated 


Pounds 
4,980 
3,700 
5,480 

4,240 
4,260 
2,960 
3,760 
2,440 
4,280 
2,800 
4,600 
3,400 
5,200 
3,400 
3,400 
1,920 


4,495 
3,108 


Pounds 
122,400 
85,  600 
139,  200 

106,  800 
98,  400 
64,400 
83,600 
46,400 

106,400 
66,800 

113,  600 
73,200 

126,  000 
76,400 
74,800 
36,400 


108,  050 
69,500 


Data  from  Kansas  Agricultural  Experiment  Station  Bull.  260,  table  1,  p.  15. 
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Albrecht  points  out  that  from  1918  to  1932,  in  a  fallow,  untreated 
soil,  the  organic  matter  dropped  from  44,000  pounds  per  acre  to  38,000 
pounds  but  advanced  from  44,000  to  52,000  pounds  when  2Y2  tons  of 
red  clover  were  incorporated  annually  (1,  p.  352).  In  table  3  he 
gives  gains  and  losses  in  soil  organic  matter  under  various  crops  and 
rotations  of  crops  for  a  period  of  17  years.  This  information  is  very 
pertinent,  and  gives  some  idea  of  what  may  be  expected  if  erosion 
losses  can  be  prevented. 

Table  3. — Gains  and  losses  in  soil  organic  matter  (in  pounds  per  acre  of  surface  soil) 
during  17  years  on  areas  under  different  systems  of  cropping  and  management 


Crop  and  management 


Gain 


Loss 


Pounds 


Rotation — corn,  wheat,  clover — all  crops  removed 

Rotation — corn,  wheat,  clover — manure  equivalent  returned. 

Rye  and  cowpeas — turned  under  as  green  manure 

Rye  turned  under — summer  fallow 

Red  clover  continuously — all  crops  removed 

Red  clover  continuously — all  crops  turned  under 

Alfalfa  continuously — all  crops  removed 

Grass  sod,  clipped — nothing  removed 


Pounds 

800 


3,200 
1,200 


14,  400 


3.600 
9,600 
10,  4C0 
10,  000 


Data  from  Soils  and  Men  (TJ.  S.  Dept.  Agr.  Yearbook  1938),  table  2,  p  360. 


Data  from  the  Ohio  experiment  station  presented  in  table  4  give 
the  results  of  a  long-time  experiment  dealing  with  organic  matter  in 
soils,  average  yields  of  crops,  and  the  return  per  acre.  The  impor- 
tance of  organic  matter  and  soil  nitrogen  to  profitable  crop  production 
is  definitely  established. 


Effect  of  crop  rotation  upon  organic  matter,  nitrogen  content,  and  crop 
ty  of  the  soil1  at  Ohio  Agricultural  Experiment  Station,  Wooster,  Ohio, 


Table  4. 
productivity 
for  the  5-year  period  1921-25 


Amount 
of  organic 

matter  2 

per  acre 
in  surface 

soil,  1925 

Amount 
of  nitro- 
gen per 
acre  in 
surface 
soil,  1925 

Average  yield  of  unfertilized  crops 

Aver- 
age 
acre 

Cropping  system 

Corn 

Oats 

Wheat 

Clover 

Tim- 
othy 

value 

of 
crops 3 

Pounds 
10,  500 
22,  300 
22, 100 

26,  700 
29,  980 

Pounds 

840 

1,365 

1,315 

1,548 
1,780 

Bush- 
els 
6.7 

Bush- 
els 

Bush- 
els 

Pounds 

Pounds 

Dol 
lars 
4.69 

15.3 

6.  12 

7.4 

16.  3 
17.9 

11. 10 

Corn,  oats,  wheat,  clover,  tim- 

26.3 
40.0 

34.4 

2,  030 
2,816 

2,394 

18.49 

Corn,  wheat,  clover 

25.86 

i  Soil  analysis  at  the  beginning  of  experiment.  Continuous  cropping  experiment  started  in  1894,  and 
the  3-year  rotation  in  1897.  Soil  organic  matter  at  beginning  of  experiment  was  approximately  35, 100  pounds 
per  acre  and  nitrogen  2, 176. 

2  Organic  carbon  X  1.724. 

3  Values  used:  Corn  70  cents  a  bushel,  oats  40  cents  a  bushel,  wheat  $1.50  a  bushel,  hay  $15  a  ton. 

Analytical  data  from  Factors  Afiecring  the  Accumulation  and  Loss  of  Nitrogen  and  Organic  Carbon  in 
Cropped  Soils,  Amer.  Soc.  Agron.  Jour.  25,  p.  623.  Data  on  crop  yields  are  unpublished  results  of  experi- 
ments at  the  Ohio  Agricultural  Experiment  Station. 

Pieters  and  McKee  (99,  pp.  4^1-444),  in  discussing  the  use  of 
cover  and  green-manure  crops,  point  out  that  improvement  in  soil 
organic  content  is  a  slow  process  and  that  incorporating  a  single 
green-manure  crop  cannot  be  expected  to  add  materially  to  the  total. 
Green  manuring  helps  to  maintain  the  total  quantity  of  organic 
matter ;  it  does  not  actually  increase  it.     Pieters  (98)  states  that  perma- 
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nent  sod  is  necessary  for  real  soil  building  and  he  brings  out  the  fact 
that  new  roots  are  produced  every  year  by  a  healthy  grass  sod. 
The  decay  of  the  old  roots  adds  to  the  organic  matter,  most  of  which 
is  retained  because  the  soil  is  not  cultivated. 

NATURE  OF  ORGANIC  MATTER 

Bradfield  (14,  V-  88)  brings  out  clearly  the  changes  that  have 
taken  place  in  forest  soils  under  continuous  cultivation  since  the  an- 
nual supply  of  leaf  litter  was  cut  off  by  removal  of  the  forests.     He 

states: 

As  a  result  of  the  destruction  of  these  organic  residues,  biological  activities 
have  been  reduced,  the  natural  structural  aggregates  have  been  destroyed,  and 
the  soil  particles  tend  gradually  to  assume  a  position   of  closer  packing.     In 


■w ^:<:-V;  ..,:„ 


Figure  4. — Many  of  our  native  grasses  offer  real  possibilities  in  the  crop  rotation 
not  only  as  cash  crops  but  also  for  rebuilding  soil  structure  and  improving 
organic  matter.  This  field  in  Washington  has  been  seeded  to  a  superior  eco- 
logical strain  of  Canada  wild-rye  {Elymus  canadensis  L.)  for  seed  production. 

many  cases  from  25  to  30%  more  soil  is  crammed  into  a  cubic  foot  than  was 
present  in  the  virgin  soil.  This  has  reduced  porosity,  especially  the  volume  of 
larger  pores  through  which  water  penetrated  readily  and  through  which  the  soil 
received  the  necessary  ventilation.  As  a  result  of  these  changes  in  structure, 
root  development  is  hampered,  the  storage  capacity  of  the  soil  for  water  is  re- 
duced, flood  hazard  is  increased,  and  the  damage  from  frequent  periodic  droughts 
is  magnified. 

Bradfield  also  points  out  that  the  granular  structure  of  the  prairie 
soils,  which  is  essential  for  maximum  yields,  has  been  practically 
destroyed  in  a  very  short  time.  He  recommends  that  nature's  method 
of  developing  good  structure  be  studied  (fig.  4). 

He  shows  that  grassland  farming  combined  with  arable  agriculture 
is  the  most  practicable  means  of  maintaining  a  desirable  soil  structure, 
as  evidenced  by  the  experiences  of  the  old  agriculture  of  Europe  and 

201060°^0 2 
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our  better  farmers  and  by  results  from  our  older  experiment  stations. 
He  pictures  it  as  a  compromise  with  nature,  whereby  after  we  till 
the  soil  for  a  few  years  in  order  to  produce  crops,  we  turn  the  soil 
back  to  nature  in  order  that  she  may  recondition  it.  If  we  follow 
such  practices,  Bradfield  feels  that  we  can  produce  as  much  food  and 
feed  from  one-half  the  acreage  of  intertilled  crops  as  we  are  now  grow- 
ing, without  increasing,  and  perhaps  even  decreasing,  the  cost  per 
unit,  and  that  we  can  at  the  same  time  protect  and  actually  improve 
our  soils  for  future  generations. 
He  states  (14,  P-  92)\ 

This  solution  of  the  problem  seems  very  old  fashioned  and  trite;  and  perhaps 
disappointing  to  those  of  you  who  were  expecting  something  new  and  novel. 
But  it  has  this  virtue,  it  is  a  system  which  has  been  used  extensively  throughout 
the  world  ever  since  the  time  of  the  Romans,  and  where  it  has  been  intelligently 
executed  it  has  worked.  It  has  solved  the  problem  of  maintaining  soils  in  as  good 
a  physical  condition  as  the  material  and  environment  at  hand  would  permit. 

Kramer  and  Weaver  (67)  give  in  table  5  data  relative  to  the  quan- 
tity of  living  plant  material  produced  underground  by  various  plants. 

Table  5. — Actual  and  comparative  dry  weights  of  living  underground  plant  parts 
in  the  surface  4  inches  of  soil 


Plant 

Weight 
per  acre 

Compared  with 

weight  of 
native  grasses » 

Plant 

Weight 
per  acre 

Compared  with 

weight  of 
native  grasses1 

Low- 
land 

Up- 
land 

Low- 
land 

Up- 
land 

Pounds 
1,338 

767 

874 
2,088 
3,497 
1,320 
1,160 
1,374 
1,176 

785 
3,926 

660 

Percent 
16 

Percent 

Pounds 

321 

214 

250 

232 

1,142 

410 

12, 134 

4,800 

13,  240 

8,200 

6,600 

Percent 

Percent 
5 

Wheat  on  upland.  .  . 

S  weetpotatoes 

3 

Oats              -.    

11 

~  43~ 

--- 

4 

Alfalfa,  young 

Alfalfa,  old 

32 
""20 

"is 

12 

Tomatoes 

Rough  pigweed 

Field  bindweed 

4 

Sorgo                   -    - 

6 

14 

17 

148 

59 
161 
100 

Slough  grass 

Big  bluestem.-  -. 

"~~48~ 

8 

Little  bluestem 

100 

Rve 

1  The  average  dry  weight  of  big  bluestem  is  considered  100  percent  for  crops  growing  on  lowlands  formerly 
occupied  by  this  species.  .  .  .  Average  dry  weight  of  little  bluestem  is  the  basis  for  calculating  percentage 
yield  of  underground  parts  on  uplands. 

Table  in  Nebraska  University,  Conservation  Department, Bull.  12,  p. 87,  slightly  modified. 

A  study  of  this  table  shows  the  outstanding  value  of  the  perennial 
grasses  in  producing  quantity  of  organic  material,  as  compared  with 
annual  grasses,  cereals,  and  other  crop  plants.  Cultivation  of  the 
soil  brings  about  rapid  decomposition  of  organic  materials.  The  value 
of  perennial  grasses  is  twofold ;  not  only  do  they  produce  large  quanti- 
ties of  organic  matter,  but  they  also  preserve  it  by  reducing  the  number 
of  times  the  soil  is  cultivated  in  a  definite  period  (fig.  5).  The  advan- 
tages of  grass  in  relation  to  the  soil  structure  are  pointed  out  by 
Bradfield  (14). 

Dittmer  (35)  has  found  Kentucky  bluegrass  far  superior  to  either 
oats  or  winter  rye  for  soil  binding,  judging  from  the  number,  volume, 
and  total  length  of  roots  and  root  hairs  produced. 

Smith  and  others  (118)  point  out  the  differences  in  organic  matter 
and   the   importance   of   supplying   the   right   kinds   and  amounts. 
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They  state  that  organic  matter  helps  to  maintain  favorable  physical 
conditions  in  the  soil  and  indirectly  helps  to  make  plant  food  available 
for  crops  by  furnishing  food  for  the  microscopic  organisms  that  effect 
the  various  chemical  transformations  in  the  soil,  whereby  the  plant 
food  becomes  available. 

They  report  that  a  recent  study  of  results  from  experiments  in 
many  different  parts  of  Illinois  shows  manure  with  ground  limestone 
to  be  the  soil  treatment  that  generally  gives  the  greatest  profit.  This 
indicates  the  value  of  stable  manure  and  suggests  the  importance  of 
its  careful  conservation.  Sufficient  animal  manure  is  not  produced 
to  cover  the  land,  however,  and  other  sources  of  organic  matter  such 
as  stalks,  straw,  and  chaff  must  be  used  along  with  leguminous  green- 
manure  crops. 

In  connection  with  the  application  of  organic  matter,  they  point 
out  that  an  important  distinction  between  kinds  of  organic  matter 


Figure  5. — It  is  "often  possible  to  establish  grass  on  abandoned  cropland  and 
improve  it  for  future  cropping.  This  is  crested  wheatgrass  (Agropyron  cris- 
tatum)  seeded  at  4  pounds  per  acre  in  November  1933  on  land  abandoned  in 
1929,  after  the  annual  grass  and  weed  cover  had  been  burned  in  early  summer. 
The  picture  was  taken  in  May  1938  in  Adams  County,  Wash.,  where  the 
rainfall  is  very  light. 

with  respect  to  chemical  make-up  has  come  to  be  recognized  within 
the  last  few  years.  Excessive  applications  of  straw  or  similar  materials 
are  likely  to  produce  a  depression  in  crop  growth,  which  may  lower  the 
yield;  they  may  produce  unfavorable  physical  effects  from  incorporat- 
ing decay-resistant  material,  particularly  if  dry  weather  ensues;  and 
they  also  may  bring  about  a  detrimental  chemical  effect.  Large 
quantities  of  cellulose  stimulate  the  activities  of  certain  micro- 
organisms, so  that  they  actually  compete  with  the  growing  plants  for 
nitrates.  Heavy  applications  of  straw  or  other  cellulose  materials 
should  be  plowed  under  with  a  good  growth  of  legumes,  or  should 
be  applied  w^hen  they  do  not  interfere  with  crops  having  large  nitrate 
requirements. 
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Browning  (19,  p.  95)  states  that  organic  matter  applied  to  soils  of 
relatively  poor  structure  increased  the  number  of  larger  sized  aggre- 
gates and  decreased  the  dispersion  ratio.  When  applied  to  soils  con- 
taining considerable  quantities  of  colloidal  material,  it  made  no 
appreciable  changes  in  dispersion  and  aggregation  but  infiltration 
and  percolation  rates  increased  significantly. 

He  brings  out  the  fact  that  intense  cultivation  for  15  years  reduced 
the  organic  content  of  the  soil  from  3.5  to  2.0  percent  and  materially 
reduced  the  number  of  large-size  aggregates  and  the  infiltration 
capacity  of  the  soil  below  that  of  an  adjoining  area  in  good  bluegrass 
sod.  Fertilizing  a  poor  pasture  has  increased  the  organic  content  of 
the  soil  from  2.8  to  3.7  percent. 

He  emphasizes  the  importance  of  organic  matter  in  relation  to  ero- 
sion control  through  the  development  and  maintenance  of  desirable 
structural  conditions  of  the  soil. 

Peele  (95),  in  working  with  Cecil  clay  soil,  finds  that  applications 
of  lime  have  a  dispersing  effect  on  soil  aggregates  and  render  this  soil 
less  permeable  to  water.  Percolation  rates  are  increased  by  the 
addition  of  organic  matter.  Applications  of  lime  to  Cecil  clay  increase 
soil  erodibility  whereas  additions  of  organic  matter  decrease  it, 
although  the  beneficial  effects  of  organic  matter  may  overbalance  the 
detrimental  physical  effects  of  lime. 

Stauffer  (115)  points  out  that  although  many  studies  show  con- 
clusively that  poor  soil  management  is  accompanied  by  reductions  in 
plant  nutrients  and  crop  yields,  more  information  concerning  the 
effect  of  systems  of  cropping  on  the  physical  properties  of  the  soil  is 
needed . 

In  his  opinion,  the  Morrow  plots  at  the  Illinois  Agricultural  Experi- 
ment Station,  at  Urbana,  offer  excellent  information  because  the  soil 
was  apparently  fairly  uniform  at  the  beginning  of  the  experimental 
work,  accurate  records  were  kept  over  a  long  period,  and  very  little 
erosion  has  taken  place,  the  land  being  nearly  level. 

He  states  that  the  organic-matter  content  of  the  soil  on  the  various 
plots,  as  measured  by  organic  carbon,  shows  considerable  variation. 
Wliere  a  corn-oats-clover  rotation  is  followed  and  fertilizer  is  applied, 
the  organic  matter  is  higher  than  that  in  all  other  plots,  and  in  the 
surface  soil,  higher  than  that  in  the  grass  border.  The  continuous- 
corn  plot,  without  fertilizer,  has  the  lowest  organic-matter  content. 
Excluding  the  surface  soil  layer,  the  grass  border  has  the  highest  per- 
centage of  organic  matter.  In  the  surface  soil  (0  to  6%  inches)  the 
lowest  water-holding  capacity  and  moisture  equivalent,  the  lowest 
organic-matter  content,  and  the  highest  dispersion  and  erosion  ratios 
are  found  in  the  unfertilized  continuous-corn  plot,  whereas  the  most 
rapid  rate  of  percolation,  the  highest  water-holding  capacity  and 
organic-matter  content,  and  the  lowest  dispersion  and  erosion  ratios 
are  found  in  the  limed,  fertilized  plot  with  a  rotation  of  corn,  oats, 
and  clover. 

He  points  out  that  under  poor  cropping  systems  soils  are  much 
more  subject  to  destruction  by  erosion  than  under  good  cropping 
systems. 
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CROP  SEQUENCE 

In  any  cropping  system,  the  order  in  which  the  crops  are  grown  is 
of  particular  importance.  Many  a  farmer  has  grown  wheat  following 
a  heavy  green-legume  manure  crop,  only  to  lose  his  crop  by  lodging. 
Disappointing  yields  have  been  obtained  in  attempting  to  grow  wheat, 
cotton,  and  other  cash  crops  following  sorghums,  particularly  in  semi- 
arid  regions  or  on  droughty  soils,  because  the  sorghum  almost  com- 
pletely removes  the  moisture  from  the  soil.  Potatoes  following  grass 
sod  frequently  are  damaged  by  attacks  of  wireworms  or  white  grubs. 
Many  plant  diseases  can  be  perpetuated  or  increased  by  growing  crops 
in  the  wrong  order.  Crop  sequence  is  highly  important  not  only  in 
securing  good  crop  yields,  but  in  maintaining  organic  matter  and 
essential  plant-food  elements,  in  controlling  erosion  and  insect  and 
plant  diseases,  and  in  saving  labor  and  cost  of  production.  The 
sequence  of  crops;  the  length  of  the  rotation;  the  number  of  years  each 
crop  should  be  grown;  the  location  of  the  fields,  particularly  those  on 
sloping  land;  the  methods  of  seeding;  tilling  and  harvesting;  and 
numerous  other  points  need  detailed  study  primarily  in  relation  to 
soil  maintenance. 

Several  interesting  and  worth-while  experiments  dealing  with  crop 
sequence  have  been  conducted  by  experiment  stations,  and  some  of  the 
most  pertinent  findings  in  relation  to  the  use  of  grass  in  the  rotation 
are  reviewed  here.  Grass  or  grass-legume  sod  is  remarkably  resistant 
to  erosion,  and  very  little  washing  or  blowing  occurs  on  sodland  that 
has  been  in  cultivation  for  no  more  than  2  or  3  years,  if  the  soil  is  not 
too  sandy.  On  the  contrary,  such  legumes  as  red  clover,  sweetclover, 
and  soybeans,  when  plowed  under,  often  leave  the  soil  loose  and 
flaky,  so  that  it  blows  or  washes  badly.  Crop  sequence  on  erodible 
soils  should  be  given  all  possible  consideration,  and  grass  or  grass- 
legume  mixtures  should  precede  row  crops  in  the  rotation  wherever 
such  arrangement  is  possible  and  practical. 

Hughes  and  Henson  (62)  report  slightly  better  yields  of  corn  in 
Iowa  when  it  is  grown  in  rotation  with  Sudan  grass  than  when  pre- 
ceded by  either  soybeans  or  oats.  In  this  experiment,  all  the  crops 
were  removed  except  the  cornstalks  and  no  fertilizer  or  manure  was 
applied.     The  yields  are  given  in  table  6. 


Table  6. —  Yield  of  corn  when  grown  in  rotation  with  oats,  Sudan  grass,  and  soy- 
beans.     (Iowa  Experiment  Station) 


Rotation 

Yield  per  acre 
(air-dry) 

Stand;  stalks 
per  hill 

Percentage  of 

moisture  in 

the  corn  at 

harvest 

Torn  and  oats. 

Bushels 
56.4 
59.7 
57.9 

Number 
3.78 
3.74 
3.90 

Percent 

38.7 

34.7 

Corn  and  soybeans         . 

31.2 

Data  from  Hughes  and  Henson,  Crop  Production  . 


table  963  b,  p.  758. 


The  results  of  experiments  on  crop  sequence  conducted  at  Cornell 
University  are  reported  by  Lyon  (74)  in  table  7. 

Lyon  points  out  that  this  experiment  demonstrates  the  superiority 
of  clover  as  a  source  of  available  nitrogen,  particularly  the  first  year 
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Table  7. —  Yields  of  crops  following  red  clover,  timothy,  and 
[The  figures  are  for  acre  yields] 

'•ye,  respectively 

Crops  on  plats  in  1920 

Succeeding  crops 

Red 
clover 

Unit 

Timothy 

Unit 

Rye 

Unit 

1921  Oat  grain 

98.7 
1.8 

36.7 
2.7 
3.7 

34.5 
1.5 

Bushels.  .. 

Tons 

Bushels. .- 

Tons 

do 

Bushels.  _- 
Tons_. 

43.7 
.7 

37.7 
2.3 
3.4 

29.3 
1.1 

Bushels. __ 
Tons 

...do..... 

...do 

..  .do 
Bushels... 
Tons 

53.4 
l.l 

24.2 
1.6 
3.5 

31.5 
1.4 

Bushels. 

Tons. 

Bushels. 

Tons. 

1923  Corn  fodder        .             .... 

Do. 

Bushels. 

Tons. 

Data  from  New  York  (Cornell)  Agricultural  Experiment  Station  Bull.  447,  table  1,  p.  5. 

after  it  has  been  grown.  Timothy  decomposes  slowly  but  by  the 
second  year  produces  a  good  effect. 

Lyon  also  gives  some  useful  information  concerning  plots  that  were 
seeded  in  1913  to  alfalfa  and  to  timothy.  The  stand  of  alfalfa  had 
become  thin  and  weedy  by  1921,  although  the  land  had  been  limed; 
and  both  the  timothy  and  the  alfalfa  were  plowed  under  in  the  spring 
of  1922.  Corn  was  planted  that  year,  followed  by  oats  in  1923  and 
wheat  in  1924.  A  comparison  of  the  yields  of  these  crops  demonstrates 
that  alfalfa  exerts  a  much  greater  effect  than  timothy  on  the  yields  of 
subsequent  crops,  although  the  principal  difference  is  noticeable  the 
first  year  following  plowing  down  the  alfalfa. 

As  indicated  in  table  8,  the  stimulative  effect  of  alfalfa  on  subse- 
quent yields  of  other  crops  is  outstanding  the  first  year,  showing  an 
increase  of  24  bushels  of  corn  per  acre  over  yields  following  timothy. 
By  the  third  year  after  sod  was  broken,  however,  wheat  following 
alfalfa  outyielded  wheat  following  timothy  only  3}£  bushels  per  acre. 
The  timothy  sod  is  able  to  maintain  a  more  constant  level  of  fertility, 
as  evidenced  by  the  yields  of  the  crops  following  it.  It  is  unfortunate 
that  comparable  yields  of  corn,  oats,  and  wheat  following  an  alfalfa- 
timothy  mixture  planting  are  not  available. 


Table  .8. — Yields  of  crops  following  alfalfa  and  timothy,   respectively,   when  the 
meadows  have  remained  down  for  several  years 

[The  figures  are  for  acre  yields] 


Succeeding  crops 

Crops  on  plats  in  1913-1921 

Alfalfa 

Unit 

Timothy 

Unit 

1922  Corn  ears 

80.3 
5.7 

73.7 
1.0 

39.6 
2.0 

Bushels 

Tons 

Bushels 

Tons 

Bushels 

Tons 

54.1 
3.5 

62.8 
0.9 

36.0 
1.9 

Corn  stover .      .        .. .     .__     

Tons. 

1923  Oat  grain 

Oat  straw. 

1924  Wheat  grain 

Wheat  straw 

Tons. 

Data  from  New  York  (Cornell)  Agricultural  Experiment  Station  Bull.  447,  table  3,  p.  6. 

Hartwell  and  Damon  (SI)  report  a  Rhode  Island  experiment  de- 
signed to  study  crop  sequence  in  which  16  different  crops  were  grown 
for  2  seasons  and  one  of  the  crops  was  grown  the  third  year  over  the 
entire  area  occupied  by  all  16  the  2  previous  years. 
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In  this  experiment,  soil  tests  were  made  to  determine  the  plant-food 
needs  of  the  crops,  and  these  were  supplied  by  application  of  fer- 
tilizer chemicals.     No  manure  was  used. 

In  1910  onions  were  planted  over  the  entire  area.  Following 
timothy  with  redtop,  and  redtop  alone,  the  onions  produced  406 
to  412  bushels  per  acre;  following  squash,  timothy,  and  alsike  clover, 
240  to  314  bushels;  following  corn,  millet,  onions,  oats,  and  red  clover, 
131  to  178  bushels;  following  potatoes  and  rye,  35  to  87  bushels; 
and  following  cabbages,  mangel  beets,  rutabaga  turnips,  and  buck- 
wheat, 13  to  17  bushels  per  acre. 

Buckwheat  was  used  in  1913,  after  the  16  crops  had  again  been 
grown  2  years,  to  determine  the  effect  of  crop  sequence.  The  buck- 
wheat produced  34  bushels  per  acre  following  turnips,  and  only  4  to 
10  bushels  following  clovers,  corn,  grasses,  and  millet.  Interme- 
diate yields  were  obtained  following  all  the  other  crops. 

In  1916  and  1917  alsike  clover  was  grown  over  the  entire  area; 
and  the  highest  yields  of  hay,  4.16  to  4.33  tons  per  acre,  were  obtained 
following  rye  and  redtop  and  2  years'  failure  of  squash.  The  low- 
est yields  were  2.53  to  2.60  tons  following  the  clovers  and  carrots. 
Yields  ranged  from  3.31  to  3.86  tons  per  acre  following  all  the  other 
crops. 

Hartwell  and  Damon  determined  the  nutrients  removed  by  some 
of  the  crops  and  conclude  that  the  crops  that  exert  the  most  depressing 
effect  on  a  following  crop  are  not  always  those  that  remove  the 
largest  quantity  of  the  scarcest  nutrients  from  the  soil. 

On  this  same  line  of  work,  Odland  and  others  (92)  reported 
the  yields  of  four  crops  following  some  of  the  grasses  and  clovers.  The 
yields  following  redtop,  timothy,  alsike  clover,  and  red  clover  are 
shown  in  table  9.  An  explanation  of  the  variation  in  yield  possibly 
lies  in  the  differences  in  organic  matter  in  the  soil,  as  is  suggested  in 
the  following  quotation  (92,  p.  32). 

Table   9. —  Yields  of  corn,   rutabagas,   mangels,  and  potatoes  -per  acre  following  4 
years  of  redtop,  timothy,  alsike  clover,  and  red  clover 


Previous  crop 


Corn 


Rutabagas 


Mangels 


Potatoes 


4  years  redtop 

4  years  timothy 

4  years  alsike  clover 
4  years  red  clover „. 


Bushels 
101.0 
98.3 
101.1 
100.9 


Bushels 
673.9 
622.6 
584.0 
504.3 


Tons 
23.  85 
21.60 
17.  55 
16.12 


Bushels 
432.0 
396  5 
327.0 
325.5 


Data  from  Rhode  Island  Agricultural  Experiment  Station  Bull.  243,  table  4,  p.  12. 


There  are  the  possibilities  associated  with  the  organic  residues  of  the  soil  and  dif- 
ferent rates  of  removal  of  nutrients,  either  organic  or  inorganic  in  nature.  No 
local  experiments  on  organic  residues  as  causes  have  reached  a  successful  con- 
clusion, thus  far,  but  such  factors  are  of  unquestionable  importance. 

Leigh ty  (70,  pp.  415-416)  lists  24  plant  diseases  that  are  con- 
trolled entirely  or  in  part  by  means  of  crop  rotation,  and  resistant 
or  immune  crops  are  named.  It  is  significant  that  alfalfa  wilt  can 
be  controlled  by  maintaining  short  stands  of  3  or  4  years,  since  this 
encourages  the  use  of  alfalfa  in  rotation  with  other  crops,  a  practice 
highly  desirable  for  soil  maintenance.  Cotton  root  rot  can  be  con- 
trolled by  growing  grasses,  grains,  corn,  and  sorghum  for  3   years 
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before  returning  to  cotton  for  a  similar  period  (fig.  6).  From  the 
data  given,  it  is  apparent  that  the  use  of  proper  crop  rotations  will 
go  a  long  way  in  controlling  certain  plant  diseases  that  undoubtedly 
have  been  increased  and  intensified  by  the  practice  of  one-crop  pro- 
duction hi  different  sections  of  the  country  in  past  years. 


Figure  6. — The  cotton  on  the  left,  in  a  field  in  Arkansas,  followed  cotton  and  that 
on  the  right  followed  cowpeas,  which  were  seeded  after  winter  oats.  The 
introduction  of  grain  into  the  rotation  decreased  infestation  of  root  rot.  The 
cotton  following  cotton  yielded  203  pounds  per  acre;  that  in  rotation,  279 
pounds.     The   man  is  comparing  the  height  of  continuous  and  rotation  cotton. 

CROP-ROTATION  EXPERIMENTS  AT  SOIL  AND  WATER 
CONSERVATION  EXPERIMENT  STATIONS 

Considerable  information  relative  to  the  soil  and  water  losses  under 
crop  rotations  in  comparison  with  continuous  production  of  corn, 
cotton,  kafir,  wheat,  and  other  crops  is  available  at  several  soil  and 
water  conservation  experiment  stations.  A  summary  of  this  infor- 
mation is  given  hi  table  10.  The  benefit  of  crop  rotations  alone  in 
reducing  soil  and  water  losses  is  remarkable.  If  crop  rotations  are 
combined  with  contour  cultivation,  contour  strip  cropping,  terracing, 
and  proper  use  of  crop  residues,  losses  can  be  reduced  to  a  minimum. 

The  rotations  used  in  the  experiments  are  those  that  have  been 
recommended  by  experiment  stations  and  widely  used  by  farmers. 
Undoubtedly  others  including  grass  or  grass-legume  mixtures  would 
give  better  erosion  control.  Limited  funds  prevented  the  inclusion 
of  a  larger  number  of  rotations  in  the  studies  at  the  time  they  were 
begun. 

Weaver  and  Noll  (128)  give  data  relative  to  soil  and  water  losses 
from  studies  conducted  on  prairie,  pasture,  and  cultivated  land  in 
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Table   10. — Results  of  soil  and  water  losses  under  various  crop  rotations  as  compared 
with  continuous  cropping  at  several  soil-erosion  experiment  stations 

[Rainfall  figures  are  averages  for  length  of  experiment  only] 


Aver- 

Aver- 

Den- 

Slope 

age 

Aver- 

age 

sity 

Crops  compared 

Location 

of 
plots 

Soil  type 

pre- 
cipi- 

age 
run- 

ero- 
sion 

of 
run- 

ta- 

off 

per 

off  i 

tion 

acre 

Pet. 

In. 

Pet. 

Tons 

Continuous  cotton 

Guthrie,  Okla.  (1930- 
35  summary). 

7.7 

Vernon   fine   sandy 
loam. 

33.12 

14.31 

24.29 

37.75 

Cotton,    wheat,    sweet- 

do 

7.7 

do 

33.12 

11.60 

5.54 

10.64 

clover  rotation. 

Continuous  corn 

Temple,  Tex.  (1931-35 

3.75 

Houston  black  clay 

31.34 

13.  72 

20.89 

35.  77 

summary) . 

loam. 

Corn,  oats,  cotton  rota- 

 do 

3.75 

do 

31.34 

7.71 

10.41 

31.72 

tion. 

Continuous  kafir 

Hays,  Kans.  (1930-35 

5 

Colby     silty     clay 

20.36 

16.20 

11.75 

26.22 

summary). 

loam. 

"Wheat,kafir,  fallow  rota- 

 do 

5 

do 

20.36 

14.86 

8.26 

20.11 

tion. 

Continuous  wheat 

do 

5 

do 

20.36 

10.69 

2.25 

7.61 

C  ontinuous  corn 

Bethany,  Mo.   (1931- 

8 

Shelby  loam 

34.79 

28.31 

68.78 

51.43 

35  summary) . 

Corn,  wheat,  clover  rota- 

 do 

8 

do 

34.79 

15.  23 

11.35 

15.78 

tion. 

Continuous  cotton 

Tyler,    Tex.    (1931-34 
summary) . 

8.75 

Kirvin    fine    sandy 
loam. 

40.52 

19.52 

19.  08 

17.76 

Cotton,  corn,  lespedeza 

do 

8.75 

do 

40.52 

17.64 

14.40 

14.83 

rotation  with  oats  as 

winter  cover. 

Continuous  cotton 

States  vffle,      N.      C. 
(1931-35  summary. 

10 

Cecil     sandy     clay 
loam. 

45.22 

10.21 

22.58 

36.00 

Wheat,  lespedeza,  cot- 

 do 

10 

do 

45.22 

8.97 

10.61 

18.61 

ton,  and  corn  rotation. 

Winter  wheat,  summer 

Pullman,       Wash. 

2  30 

Palouse  silt  loam 

21.74 

8.93 

8.52 

32.31 

fallow. 

(1932-35  summary). 

Peas    and    sweetclover, 

do 

-°30 

do 

21.74 

10.02 

7.85 

26.55 

sweet  clover,  winter 

wheat,    spring    wheat 

rotation. 

Continuous  corn 

Clarinda,  Iowa  (1933- 
35  summary) . 

9.0 

Marshall  silt  loam___ 

26.82 

8.64 

18.82 

59.84 

Corn,  oats,  clover  rota- 

...do  

9.G 

do 

26.82 

4.95 

5.40 

29.96 

tion. 

C  ontinuous  corn 

Lacrosse,  Wis.   (1933- 
35  summary) . 

16 

Clinton  silt  loam 

34.12 

20.58 

88.35 

92.68 

Corn,  clover,  barley  rota- 
tion. 
Continuous  barley 

do 

16 

do 

34.12 

12.07 

25.31 

45.28 

do 

16 

do 

34.12 

15.46 

14.19 

19.81 

C  ontinuous  corn 

Z  anes  ville,  Ohio 
(1934-35  summary) . 

12 

Muskingum  silt 
loam. 

34.51 

35.18 

59.62 

36.17 

Corn,  wheat,  2-years 

do 

12 

do 

34.51 

18.45 

7.95 

9.19 

grass  rotation. 

1  Pounds  of  soil  lost  per  100  gallon  water  run-off. 

2  South. 

MUSGRAVE,  G.  W  .     SUMMARY  OF  SOIL  WATER  LOSSES  AT  SEVERAL  EROSION-CONTOL  EXPERIMENT  STATIONS. 

TJ.  S.  Soil  Conserv.  Serv.    1935.    [Mimeographed.] 

Nebraska  in  1934  and  1935.  Natural  rainfall  wTas  supplemented  by 
artificial  watering  in  the  experiments. 

Over  a  15-month  period,  run-off  from  26.88  inches  of  rainfall  on 
Carrington  silt  loam  with  a  10°  slope  was  15.1  percent  from  a  badly 
overgrazed  pasture,  9.1  from  overgrazed  pasture  and  2.5  from  prairie. 
From  the  practically  bare  pasture,  5.08  tons  of  soil  per  acre  were  lost, 
and  minor  amounts  from  the  prairie  and  overgrazed  pasture. 

Water  applied  to  prairie,  pasture,  and  bare  areas  in  April  and  again 
in  October  1935  resulted  in  heavy  run-off  and  soil  losses  from  the  bare 
area,  medium  from  the  pasture,  and  practically  no  run-off  or  soil  loss 
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from  the  prairie.  Weaver  and  Noll  state  that  the  water  penetration 
in  the  prairie  was  nearly  four  times  as  great  as  in  pasture. 

They  point  out  that  a  good  cover  of  grass  is  insurance  against 
erosion,  whereas  overgrazing  or  cultivation  invariably  results  in  losses. 
These  can  be  repaired  by  nature  if  too  much  soil  has  not  been  lost. 
Pasture  improvement  is  recommended  as  a  chief  weapon  against 
erosion. 

They  state:  "A  soil  covered  with  its  natural  mantle  of  climax 
vegetation  represents  conditions  most  favorable  to  maximum  absorp- 
tion of  rainfall  and  maximum  erosion  control." 


CROP  ROTATION  EXPERIMENTS  AT  STATE  AND 
FEDERAL  EXPERIMENT  STATIONS 

In  this  review  of  the  literature  dealing  with  crop  rotation  in  the 
United  States,  an  attempt  has  been  made  to  compile  the  information 
pertinent  to  erosion  control  by  regions  that  follow  in  general  the  great 
soil  groups  outlined  by  Baldwin,  Kellog,  and  Thorp  (7,  pp.  979-1G01). 
These  regions  2  are  (1)  the  northern  Great  Plains,  primarily  Cher- 
nozem, Chesnut,  and  some  Prairie  soils;  (2)  the  Corn  Belt,  largely 
Prairie  and  Gray -Brown  Podzolic  soils;  (3)  the  Northeastern  States, 
Podzolic  and  Gray -Brown  Podzolic  soils;  and  (4)  the  Southeastern 
States,  Red  and  Yellow  Podzolic  soils.  Very  little  experimental  infor- 
mation is  available  on  soil-conserving  rotations  for  the  Desert  soils 
and  other  soil  groups  in  other  sections  of  the  country. 

Northern  Great  Plains 

Sarvis  and  Thysell  (110),  from  20  years'  results  of  crop-rotation 
experiments  at  the  Mandan,  N.  Dak.,  experiment  station, conclude  that 
mixed  farming  is  much  less  hazardous  than  straight  grain  farming  in 
regions  of  low  rainfall  where  irrigation  is  not  possible.  The  authors 
give  considerable  information  concerning  tillage  and  cropping  prac- 
tices, and  they  recommend  spring  plowing  for  corn  as  the  most  desir- 
able practice  of  those  tried  in  the  experiment.  Summer  fallow  and 
land  in  corn  are  advisable  for  wheat  and  other  small  grains.  Subsoil- 
ing  has  not  increased  yields  and  requires  more  labor.  Therefore  it  is 
not  recommended.  On  soils  that  may  be  a  blow  hazard,  spring  listing 
is  advocated. 

Such  crops  as  alfalfa,  sorgo,  bromegrass,  potatoes,  and  green- 
manure  crops  are  grown  in  rotation  with  other  crops  each  year  in 
order  to  study  the  effect  of  crop  sequence.  Alfalfa,  although  winter 
killing  has  occurred  frequently,  has  averaged  three-fourths  of  a  ton  of 
hay  per  acre;  bromegrass  has  yielded  less  than  half  as  much  as  alfalfa. 

The  authors  conclude  that  better  tillage  methods,  if  generally 
adopted,  would  give  higher  and  more  uniform  yields  of  crops  and 
would  improve  the  quality. 

2  The  work  in  Washington  has  been  discussed  in  the  section  Losses  in  Soil  Organic  Matter.  Idaho  Agri- 
cultural Experiment  Station  Bulletin  227,  Crop  Rotation  Studies,  had  not  been  published  at  the  time  this 
manuscript  was  prepared.  The  results  cf  crop  rotations  in  Oregon  have  not  been  published.  Therefore  in 
this  section  there  is  no  discussion  of  the  Pacific  Northwest  region. 
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McKee  (78)  states  that  alfalfa  in  the  crop  rotation  on  irrigated  land 
will  maintain  high  crop  yields  if  grown  at  least  3  years  in  succession 
and  will  also  prevent  noxious  weeds  from  becoming  a  menace  to  farm- 
ing operations.  He  also  points  out  that  manure  applied  regularly  to 
one  crop  in  the  rotation  increases  the  yield  of  all  crops. 

Moomaw  (83)  summarizes  the  results  of  rotation  experiments  con- 
ducted at  points  in  western  North  Dakota  by  stating  that  the  results 
of  most  of  the  experiments  (dry -land  farming)  are  very  similar  to  those 
secured  by  other  northern  Great  Plains  experiment  stations. 

He  gives  considerable  information  of  a  pertinent  nature  concerning 
tillage  practices  and  crop  sequence  that  show  their  importance  in 
successful  crop  production.  Fallow,  in  addition  to  increasing  crop 
yields,  is  of  great  value  in  weed  control  and  in  facilitating  early  seeding. 
The  use  of  corn  in  the  rotation  also  allows  early  seeding  of  small  grains 
since  the  cornland  requires  very  little  preparation  for  seeding,  and 
small-grain  crops  give  excellent  yields  following  corn.  It  is  apparent 
that  the  use  of  corn  in  the  rotation  is  far  beyond  the  value  of  the  corn 
crop. 

In  line  with  Sarvis'  conclusions,  Moomaw  finds  that  manure  or 
green-manure  crops  do  not  increase  crop  yields.  He  states  that  a 
legume  crop  for  green  manure  is  of  no  more  value  than  a  nonlegume, 
and  no  cumulative  effect  is  apparent. 

Moomaw  points  out  that  a  marked  reduction  in  yield  of  small  grains 
occurs  when  they  are  grown  continously  and  feels  the  reduction  is 
attributable  to  weeds  rather  than  to  loss  of  soil  fertility. 

Cole  (23) ,  in  discussing  the  results  of  crop  rotation  and  cultural 
methods  at  Edgeley,  N.  Dak.,  after  15  years  of  experimentation,  con- 
cludes that  successful  farming  depends  on  good  husbandry  and  atten- 
tion to  numerous  details.  He  also  points  out  the  importance  of  wxeed 
control,  timely  field  operations,  quality  of  field  work,  and  the  use  of 
good  seed. 

Cole  recommends  both  alfalfa  and  bromegrass  as  sod  crops,  and  he 
particularly  recommends  bromegrass  as  a  reliable  hay  crop  w^ell  suited 
to  short  rotations.  Alfalfa  has  not  yielded  as  heavily  as  bromegrass 
and  has  been  subject  to  rather  infrequent  winter  killing,  but  the  hay 
is  of  higher  value  than  bromegrass  hay.  He  recommends  seeding 
bromegrass  with  a  nurse  crop,  but  alfalfa  should  be  seeded  alone. 

He  shows  that  alfalfa  has  depressed  the  yield  of  subsequent  crops 
when  used  in  dry-land  farming.  Bromegrass  has  depressed  the  yield 
of  the  first  crop  produced  after  it  but  apparently  has  not  affected  later 
crops. 

Cole  feels  that  sod  crops  do  enter  into  the  rotation  and  should  be 
broken  up  and  reseeded  as  necessary  in  order  to  produce  maximum 
yields  of  the  sod  crops. 

Hastings  (56,  p.  34),  in  summarizing  the  results  from  irrigated-crop 
rotations  conducted  at  the  Scotts  Bluff,  Nebr.  Field  Station,  gives  the 
following  data  on  economic  aspects  of  several  cropping  systems.  The 
figures  given  are  23-year  averages  and  represent  net  returns  per  acre 
for  the  32  cropping  systems  listed.  It  will  be  noted  that  several  show 
a  loss,  indicated  by  the  minus  sign. 
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Net  return 

Crops,  treatments,  and  sequences:  per  acre 

Sugar  beets  (manure),  potatoes $28.  23 

Oats  (with  sweetclover) ,  sweetclover  pastured,  sugar  beets  (2  years)  24.  26 

Alfalfa  (3  years) ,  potatoes,  sugar  beets  (manure),  sugar  beets,  oats___  21.  45 

Oats  (manure),  sugar  beets 21.  32 

Alfalfa  (2  years) ,  potatoes,  sugar  beets 21.  05 

Potatoes,  oats  (manure) ,  sugar  beets 20.  86 

Alfalfa  (3  years),  potatoes,  oats  (manure),  sugar  beets 20.  44 

Alfalfa  (3  years),  potatoes,  sugar  beets,  oats 19.  15 

Alfalfa  (3  years) ,  potatoes,  oats,  sugar  beets 13.  11 

Oats  (manure),  potatoes 8.  91 

Alfalfa  continuously 7.  60 

Alfalfa  (3  years) ,  corn,  oats,  sugar  beets 6.  95 

Alfalfa  (2  years) ,  oats,  sugar  beets 6.  78 

Alfalfa  (2  years) ,  potatoes,  oats 4.  46 

Potatoes,  oats,  sugar  beets 2.  55 

Oats,  (rye  plowed  under),  potatoes .  90 

Sugar  beets,  potatoes .  65 

Oats,  sugar  beets .  13 

Spring  wheat,  sugar  beets —.39 

Corn,  oats,  sugar  beets —  1.  26 

Alfalfa  (2  years),  spring  wheat,  oats —3.  10 

Sugar  beets  continuously —4.  71 

Oats,  potatoes —5.  09 

Corn,  oats —6.  53 

Potatoes,  corn —7.  66 

Corn  continuously —  8.  07 

Oats  continuously —10.  01 

Spring  wheat,  oats —11.  83 

Winter  wheat  continuously — 12.  03 

Spring  wheat  continuously — 13.  05 

Spring  wheat,  straw  returned —13.  17 

Potatoes  continuously —28.  08 

Gross  and  Doll  (45),  in  reporting  results  of  experimental  work  in 
Nebraska,  state  that  organic  matter  is  added  to  the  soil  and  crop 
yields  are  increased  by  the  use  of  legumes  and  grasses  in  the  rotation. 
The  improvement  in  soil  organic  matter  and  the  physical  structure  of 
the  soil  lessen  both  soil  and  water  losses  through  erosion  and  run-off. 

They  cite  the  results  of  a  6-year  experiment  comparing  soil  and 
water  losses  from  continuous  corn  with  those  from  a  rotation  of  corn, 
wheat,  and  a  clover-grass  mixture  on  land  of  glacial  origin.  During 
the  6-year  period,  the  continuous  cornland  lost  233  tons  of  soil  and 
55  percent  more  water  per  acre  than  the  land  in  rotation. 

Zook  (14-8),  writing  about  the  dry -land  experimental  cropping  prac- 
tices at  North  Platte,  Nebr.,  points  out  that  winter  wheat  following 
corn  is  apparently  more  profitable  than  winter  wheat  following  fallow, 
since  each  bushel  of  wheat  gained  by  conserving  moisture  through 
fallowing  was  offset  by  2.4  bushels  of  corn.  His  results  show  clean 
fallow  to  be  superior  to  weedy  fallow  for  wheat  production,  however, 
the  average  yield  of  wheat  after  clean  fallow  being  30  bushels  per  acre 
and  after  weedy  fallow  22.2  bushels.  He  also  found  that  green- 
manure  crops  deplete  the  soil  moisture  sufficiently  to  offset  any  gain 
in  fertility. 

Corn  Belt 

Walker  aud  Brown  (126)  point  out  that  soil  losses  from  Iowa 
are  tremendous,  especially  under  certain  soil  exposures.  They  have 
calculated  the  average  loss  of  soil  potassium,  nitrogen,  and  phosphorus, 
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respectively,  from  160  acres  as  a  unit  of  area,  to  have  been  2,046,  247, 
and  82  tons. 

In  pointing  out  that  nature's  method  of  erosion  control  is  ideal 
and  should  be  used  as  a  basis  for  planning  soil-management  practices 
they  recommend  the  production  of  sod  crops  at  regular  intervals  and 
set  up  rather  definite  and  highly  commendable  policies  on  soil  manage- 
ment based  on  proper  land  use.  They  recognize  the  importance  of  crop 
rotation  and  the  necessity  of  fitting  the  rotation  to  the  particular  soil; 
the  need  of  limestone;  the  value  of  adapting  cultivation  practices  to  the 
erosion-control  needs;  the  use  of  manure,  crop  residues,  and  green- 
manure  crops  to  improve  the  water-holding  and  absorptive  capacity 
of  the  soil;  and  the  use  of  fertilizers  to  supply  needed  plant  nutrients 
and  thus  secure  more  vegetal  cover. 

Stevenson,  Brown,  and  Forman  (117),  in  comparing  rotations  over 
a  10-year  period,  conclude  that  a  3-year  rotation  of  corn,  oats,  and 
clover  yielded  much  greater  economic  returns  than  a  2-year  alternation 
of  corn  and  oats  or  the  growing  of  corn  continuously  on  typical  Wis- 
consin drift  soil.  They  also  point  out  that  the  inclusion  of  alfalfa 
for  a  5-year  period  in  a  rotation  including  corn,  oats,  clover,  and 
wheat,  increased  the  income  over  the  3-year  rotation  of  corn,  oats, 
and  clover  when  both  were  treated  with  manure  and  lime  but  not 
under  all  treatments  that  were  tried. 

They  conclude  that  a  4-  or  5-year  rotation  may,  over  a  period  of 
time,  be  of  more  value  than  a  3-year  rotation,  but  point  out  that  the 
3-year  rotation  is  distinctly  preferable  to  continuous  cropping  or  to  a 
2-year   rotation. 

Hughes  and  Henson  (62)  have  compiled  results  from  annual  reports 
of  the  Illinois  experiment  station  and  present  yields  from  a  38-year 
experiment  comparing  (1)  corn  grown  continuously;  (2)  a  2-year 
rotation  of  corn  and  oats;  and  (3)  a  3-year  rotation  of  corn,  oats,  and 
clover.     The  yields  are  given  in  table  11. 


Table   11. —  Yield  of  corn  grown  continuously,  in  rotation  with  oats  and  with  oats 

and  clover,  Illinois 


Average  of  years 

Corn 

every 
year 

Two  years 

Three  years 

Corn 

Oats 

Corn 

Oats 

Clover 

1888  to  1903,  16  years 

39.7 
24.0 

41.0 
34.0 

44.0 
33.0 

48.0 
43.0 

47.  6         2.  03  T. 

1915-26,  12  years          -          . 

55.0          1.9    T. 

Data  from  Hughes  and  Henson,  Crop  Production 


table  959a,  p.  750. 


Using  the  1915-26  average  yields  given  in  tins  table  for  calculations, 
30  acres  of  continuously  grown  corn  would  produce  720  bushels.  The 
2-year  rotation,  namely,  15  acres  of  corn  and  15  acres  of  oats,  would 
produce  758  bushels  of  corn  equivalent,  at  a  less  cost  per  bushel.  The 
3-year  rotation,  namely,  10  acres  of  corn,  10  acres  of  oats,  and  10  acres 
of  clover,  would  produce  1,065  bushels  of  corn  equivalent,  at  a  still 
lower  cost  per  bushel,  and  in  addition,  would  add  materially  to  the 
soil-conserving  value  of  the  cropping  system. 

Wiancko,  Mulvey,  and  Miles  (136),  from  results  of  _  experiments 
with  crop  rotations,  report  that  the  work  is  giving  practical  informa- 
tion on  the  adaptability  of  crop  rotations  to  central  and  part  of  north- 
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eastern  Indiana,  since  the  soil  under  this  experiment  is  representative 
of  most  of  the  farms  in  this  section.  The  data  shown  in  table  12, 
therefore,  are  of  considerable  significance.  ^ 

These  investigators  also  state  that  rotating  alfalfa  with  grain  crops 
has  brought  the  largest  return  mainly  because  of  good  yields  of  high- 
value  alfalfa  hay.  According  to  this  table,  the  3-year  rotation  of  corn, 
wheat,  and  alfalfa  (No.  4)  has  produced  an  average  return  of  $30.90 
per  acre,  and  the  6-year  rotation  of  corn,  corn,  wheat,  and  3  years  of 
alfalfa  (No.  10)  has  averaged  $30.82  per  acre.  It  will  be  noted  that 
fertilizer  and  manure  charges  have  been  deducted. 


Table   12.— Resv 

Its  of  comparison  of 

cropping  syst 

3ms  (ce 

ntral  Indiana) 

Crop  rotations  or  cropping 
systems 

Corn  per  acre 
by  periods 

Wheat  or  oats 

per  acre  by 

periods 

Soybeans  per 
acre  by 
periods 

Hay  per  acre 
by  periods 

Aver- 
age an- 
nual re- 
turn per 

acre  l 

1916- 
1924 

1925- 
1936 

1916- 
1924 

1925- 
1936 

1916- 
1924 

1925- 
1936 

1916- 
1924 

1925- 
1936 

1925- 
1936 

Bushels 
1.  C.  W.  CI           i      49.4 

Bushels 
58.8 
61.4 
54.9 
48.3 
60.7 
55.8 
56.9 
61.7 
59.3 
60.2 
56.6 
63.7 
58.7 

Bushels 
24.3 
45.7 
22.2 

Bushels 
27.1 
43.2 
29.3 

Bushels 

Bushels 

Pounds 
3,862 
3,394 
3,747 

Pounds 
4,814 
3,868 
4,029 

Dollars 
24.89 

2.  C.  0.  CI  -     -       -  _     --        56.8 

20.29 

3    C    C   W.  CI 

53.8 
46.0 
56.9 
48.3 
53.6 
58.8 
58.7 
59.3 
54.3 
62.6 
56.2 

24  50 

4.  C.  W.  A 

23.8 
32.1 
26.9 
31.3 
24.7 
33.0 

29.0 
32.6 
27.3 
33.5 
27.1 
33.5 

5,081 

6,770 

30.90 

5.  C.  S.  W.  (Sw.  CI.)  _     . 

19.4 

28.5 

29.44 

6.  C.  W.  Sw.  CI 

3,203 
3,821 
8.718 
3,805 

2,843 
4,218 
8,707 
4,231 

22.07 

7.  C.S.  W.  Cl____ 

8.  C.  W.  01.  T 

20.4 

26.7 

26.69 
22.39 

9.  C  C.  S.  W.  CI 

20.9 

28.3 

27.63 

10.  C.  C.  W.  A.  A.  A    _  __ 

31.5 

32.8 

21, 102 

20,  749 

30.82 

24.4 
45.6 
46.9 
43.8 

21.35 

13.07 

13a.  Corn,  oats,  (Sw.  CI.) 

56.0 
52.8 
39.7 

21.94 

20.45 

20.58 

1  After  deducting  cost  of  fertilizer  and  50  cents  per  ton  for  spreading  manure.  Fertilizer  is  charged  at 
$1.38  per  acre  per  year  in  cropping  systems  1,  2,  3,  4,  5,  and  6;  $1.05  in  7,  8,  and  9;  $3.08  in  10;  $2.89  in  11  and 
12;   $3.06  in  13a  and  13b;  and  $3.24  in  14. 

C.  =  Corn.  W.= Wheat.  0.  =  Oats.  CI.=Clover.  S.  =  Soybeans.  Sw.  Cl.  =  Sweetclover.  (Sw.  Cl.)  = 
Sweet  clover  intercrop.    A.  =  Alfalfa.    T.  =  Timothy. 

Data  from  Indiana  Agricultural  Experiment  Station,  Report  of  Progress  1915-36,  table  1,  p.  3. 

These  authors  feel  that  the  5-year  rotation  of  corn,  corn,  soybeans, 
wheat,  and  clover  is  very  well  adapted  for  good  land,  as  in  this  experi- 
ment, and  is  more  practical  for  most  farmers  than  the  alfalfa  rotations 
(Nos.  10  and  4).  For  farms  where  little  or  no  livestock  is  kept,  the 
3-year  rotation  of  corn,  soybeans,  and  wheat,  with  sweetclover  seeded 
in  the  wheat  as  an  intercrop  (No.  5),  is  felt  to  be  suited  to  the  land 
under  experiment  and  is  the  most  profitable  grain-cropping  system. 

They  also  point  out  that  corn  yields  cannot  be  maintained  as  effec- 
tively where  one-half  or  more  of  the  land  is  in  corn  as  where  the  acre- 
age of  corn  is  reduced  to  only  one-third  or  two-fifths  by  using  longer 
rotations. 

They  report  an  experiment  to  determine  whether  grain  farming  and 
the  substitution  of  commercial  fertilizers  and  crop  residues  for  manure 
can  maintain  the  soil  fertility  as  well  and  be  as  profitable  as  livestock 
farming. 

On  the  grain-farming  plots,  the  soybean  straw  was  used  to  top-dress 
the  wheat  in  winter,  the  wheat  straw  was  applied  to  alfalfa  sod  and 
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plowed  under  preceding  corn,  and  the  cornstalks  were  plowed  under 
preceding  soybeans,  whereas  on  the  livestock-farming  plots  all  the 
roughage  was  removed,  and  the  manure  applied  was  equivalent,  by 
weight,  to  all  produce  harvested  except  the  wheat  grain.  The  results 
are  given  in  table  13. 


Table  13. — Results  of  comparison  of  grain  and  livestock  systems  of  farming 

(central  Indiana) 


Treatment 

Average  yields  per  acre 

Financial  statement  per  rotation 

Plot 
Num- 
ber 

Corn 
1924- 
1936 

Soy- 
beans 
1924- 

1936 

Wheat 
1924- 
1936 

Hay 

1924- 
1936 

Total 

value 

of  grain 

and  hay 

Increase 
due  to 
treat- 
ment 

Cost 

of 
treat- 
ment 

Gain 
over  cost 
of  treat- 
ment 

1 

Res.  check .  __ 

Bu. 

56.1 
57.3 
63.1 
57.6 
63.4 
63.2 
44.9 
68.4 
68.2 
57.3 
69.5 
70.1 
57.9 
57.2 

Bu. 

29.8 
30.5 
32.5 
30.9 
31.9 
31.7 
26.2 
30.2 
30.8 
28.9 
29.9 
31.0 
29.5 
29.8 

Bu. 
25.7 
31.4 
32.2 
24.3 
33.3 
35.6. 
21.3 
30.2 
32.6 
22.1 
33.6 
35.8 
22.4 
23.6. 

Lbs. 

4,341 

4,584 

4,831 

4,438 

4,883 

4,847 

3,926 

4,894 

4,949 

4,354 

5,114 

4,988 

3,991 

4,281 

Dollars 
110.  87 
119.20 

126.  72 
111.95 

127.  66 
129.  46 

94.07 
125.  91 

129.  07 
107. 15 

130.  77 
133.  80 
106.  60 
109. 01 

Dollars 

Dollars 

Dollars 

2 
3 

Res.  P 

Res.  PK 

23.45 
30.61 

7.20 
10.08 

16.25 
20.53 

4 

5 

Res.  NPE    

31.99 
34.59 

11.04 
12.52 

20.95 

6 

Res.  NPK+N_._     

22.07 

7 

8 

32.64 
36.60 

""39."  28" 
42.50 

4.58 
8.30 

~9.~60~ 
10.61 

28.06 

9 

M  P 

28.30 

10 

11 

Res.  check 

M  PK 

30.68 

12 

M  NPK    . 

31.89 

13 

Res.  check 

Average  Res.  checks 

15.48 

Res.  =  cornstalks  and  straw  left  on  the  land;  P  =  phosphoric  acid;  K=potash;  and  N=nitrogen  in  fertilizer; 
M= manure. 

The  basal  fertilizer  formula  is  2-16-8  in  the  grain  farming  system  and  2-12-6  in  the  livestock  system. 

The  fertilizer  is  divided  between  the  corn  and  wheat.  Corn  gets  100  pounds  per  acre  in  the  hill  on  all  fertil- 
ized plots  and  wheat  gets  300  pounds.  Before  planting,  corn  also  gets  200  pounds  0-16-0  on  plot  2  and  200 
pounds  0-16-8  on  plots  3,  5  and  6.  The  wheat  on  plot  6  also  gets  16  pounds  of  nitrogen  per  acre  as  a  top 
dressing  in  the  spring. 

Data  from  Indiana  Agricultural  Experiment  Station,  Report  of  Progress  1915-1936,  table  3,  p.  6. 

The  authors  state  (136,  p.  6) : 

The  crop  residues  alone,  averaging  3,458  pounds  of  cornstalks,  2,300  pounds  of 
soybean  straw,  and  1,858  pounds  of  wheat  straw,  have  produced  crop  increases 
averaging  12.6  bushels  of  corn,  3.7  bushels  of  soybeans,  1.9  bushels  of  wheat,  and 
470  pounds  of  hay  per  acre,  or  $4.07  per  ton  of  residues. 

The  manure  equivalent  of  the  roughage  and  grain  other  than  wheat,  averaging 
9.2  tons  per  acre  for  each  round  of  the  rotation,  has  produced  crop  increases 
averaging  23.6  bushels  of  corn,  4.3  bushels  of  soybeans,  9.3  bushels  of  wheat,  and 
982  pounds  of  hay  per  acre,  or  $3.55  per  ton  of  manure  (plot  8). 

Hughes  and  Henson  (62,  p.  756)  give  the  yields  of  wheat  in  the 
eighteenth  year  of  a  rotation  experiment  in  which  it  is  possible  to  com- 
pare the  effect  of  grass,  of  clover,  and  a  mixture  of  both,  as  the  other 
crops  in  the  rotation  are  the  same.  Corn,  oats,  wheat,  clover  (second 
crop  plowed  under)  produced  25.2  bushels  of  wheat  per  acre;  corn, 
oats,  wheat,  grass  produced  29.1  bushels;  and  corn,  oats,  wheat, 
clover,  and  grass  produced  25.6  bushels.  The  advantage  in  this 
experiment  is  materially  in  favor  of  the  grass. 

Information  concerning  the  organic-matter  content  of  the  soil  in 
these  plots  would  be  very  interesting  in  relation  to  soil  maintenance 
and  permanent  cropping  practices,  considering  the  importance  of  soil 
organic  matter  in  checking  erosion  and  increasing  the  rate  of  infiltra- 
tion of  water  into  the  soil. 

Etheridge  and  Helm  (Jfi,  pp.  7-8)  recommend  the  use  of  Korean 
lespedeza  with  oats  as  a  very  practical  rotation  in  Missouri.     They 
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advise  seeding  the  oats  on  Korean  lespedeza  sod  each  spring  and  point 
out  that  the  lespedeza.  under  reasonable  management,  will  volunteer 
and  produce  a  stand  in  the  oats  for  utilization  after  the  oat  crop  has 
been  harvested. 

Detailed  recommendations  are  given  relative  to  tillage  and  manage- 
ment methods  for  perpetuating  the  system.  The  application  of 
125  to  150  pounds  per  acre  of  20-percent  superphosphate  to  the  oats 
will  increase  the  yields  of  both  crops  and  is  considered  a  profitable 
practice.  The  use  of  an  early  maturing  variety  of  oats  is  essential  to 
the  success  of  this  rotation,  and  it  is  recommended  that  the  oats  be  cut 
for  hay  if  the  month  of  June  is  very  diy  and  hot  in  order  to  get  a  good 
crop  of  lespedeza. 

Etheridge  and  Helm  state  that  a  large  annual  return  may  be  ob- 
tained from  such  a  double  cropping  system.  Pasturing  the  lespedeza 
will  add  nitrogen  and  organic  matter  to  the  soil;  and  applying  super- 
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phosphate  to  the  oats  will  improve  rather  than  reduce  soil  fertility, 
even  though  rather  heavy  production  is  maintained  by  the  double 
cropping  method. 

Following  a  line  of  thought  at  considerable  variance  with  this,  a 
special  committee  of  extension  agronomists  (2)  recommends  that  the 
extent  to  which  a  sound  soil  conservation  and  soil-improvement 
program  can  be  developed  for  the  rotated  and  pasture  land  of  the 
Northeastern  and  North  Centeral  States  is  limited  chiefly  by  the  speed 
with  which  acid  soil  can  be  limed.  They  state  the  program  must  be 
built  on  the  use  of  certain  effective  erosion-control  and  soil-building 
legumes,  and  it  is  a  well  known  fact  that  these  legumes  cannot  be 
grown  successfully  on  land  of  a  certain  degree  of  acidity.  The 
committee  adds  {2}  p.  1064): 

Any  attempt  to  side-step  the  liming  of  acid  land  in  a  long-time  improvement 
program  by  promoting  the  growing  of  acid-tolerant  legumes  and  grasses  as  soil- 
improving  and  soil-conserving  crops  is  doomed  to  failure.  The  continued  use 
of  these  crops  to  the  exclusion  of  our  more  desirable  soil-building  legumes  will 
only  make  a  bad  situation  worse.  The  meager  growth  of  these  crops  on  strongly 
acid  land  will  not  material!}"  build  up  the  organic  matter  and  nitrogen  content  of 
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the  soil  nor  will  it  furnish  feed  efficiently.  As  a  matter  of  fact,  the  continued 
growing  of  these  crops  under  strongly  acid  conditions  means  continued  soil 
deterioration. 

Collier  and  Johnson  (24)  give  some  significant  data  from  Missouri 
comparing  the  yield  trends  of  continuous  corn  and  corn  in  rotation 
with  small  grain  and  clover  (fig.  7). 

Moore  (84),  in  commenting  on.  the  production  of  better  quality 
potatoes  in  Michigan,  recommends  planting  on  soil  that  has  ample 
organic  matter  with  good  drainage.  The  best  crops  for  preceding- 
potatoes  that  will  add  to  the  soil  fertility  and  increase  the  water- 
holding  capacity  are  alfalfa,  sweetclover,  and  red  clover.  By  plant- 
ing potatoes  following  one  of  these  crops,  serious  injury  from  white 
grubs  and  wireworms  may  be  avoided.  Moore  points  out  that  grass 
sods  are  often  infested  with  wireworms  and  grubs.  A  long  rotation, 
with  potatoes  on  the  same  land  only  once  in  4  or  5  years,  is  advisable 
in  order  to  produce  tubers  free  from  disease. 

Arny  (3),  in  discussing  the  results  of  crop-rotation  experiments 
in  Minnesota,  states  that  rotations  of  grain,  clover,  and  timothy  hay, 
and  tilled  crops,  using  moderate  amounts  of  manure,  have  with  one 
exception  returned  net  incomes  of  $8.76  or  more  per  acre  and  at 
the  same  time  maintained  yields.  In  growing  timothy  and  other 
perennial  grasses,  annual  cultivation  is  not  practiced,  consequently 
organic  materials  decay  slowly.  Arny  states  that  grass  roots  are 
so  numerous  that  they  aid  materially  in  maintaining  the  supply 
of  organic  matter.  The  cropping  systems  that  gave  large  net  returns 
included  corn,  small  grains,  and  timothy-clover  sod  in  a  4-  to  7-year 
rotation  with  light  manuring.  He  points  out  that  cropping  systems 
have  proved  most  practical  when  provision  has  been  made  to  main- 
tain organic  matter  by  growing  legumes,  adding  manure,  or  both. 

Northeastern  States 

Lyon  and  Bizzell  (76),  in  reporting  results  of  crop-rotation  work 
in  New  York,  point  out  that  soil  productivity  for  grain  crops  is 
increased  by  applying  fertilizer  to  timothy  sod  preceding  the  grain 
crops.  Corn,  which  immediately  followed  timothy,  gave  the  greatest 
response,  oats.the  next  greatest,  and  wheat  the  least. 

Alfalfa  and  timothy  were  grown  on  adjoining  plots  of  land  for 
6  years,  after  which  the  land  was  plowed  and  planted  to  corn  the 
first  year  and  to  oats  the  second  year.  The  corn  produced  a  con- 
siderably larger  yield  following  the  alfalfa;  the  oats  produced  equally 
well  following  both  alfalfa  and  timothy. 

By  analysis,  Lyon  and  Bizzell  found  very  little  difference  in  the 
nitrogen  content  of  the  soil  in  the  alfalfa  plot  and  in  the  timothy 
plot,  that  of  the  former  exceeding  that  of  the  latter  by  only  0.01 
percent.  Under  incubation,  however,  nitrates  formed  more  rapidly 
hi  the  soil  from  the  alfalfa  plot.  The  authors  feel  that  their  data 
are  not  sufficient  to  show  whether  more  nitrogen  accumulated  in 
the  soil  in  the  alfalfa  plot  than  in  that  in  the  timothy  plot  or  whether 
the  ready  availability  of  nitrogen  in  the  former  rather  than  the  larger 
quantity  of  it  might  be  responsible  for  the  greater  productivity  of 
this  soil. 
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Lyon  (75,  pp.  15-16),  in  reporting  on  the  residual  effects  of  legu- 
minous crops,  points  out  that  alfalfa  increased  the  yield  of  subse- 
quent cereal  crops  more  than  any  other  legume.  Practically  equal 
results  were  obtained  following  sweetclover,  red  clover,  and  alsike 
clover.  A  much  less  favorable  response  was  obtained  following 
soybeans  and  field  beans,  vetch  grown  with  wheat,  and  peas  with 
oats.  However  all  the  legumes  did  give  a  response  by  increasing 
yields  of  subsequent  crops  over  those  in  rotations  without  legumes. 

Lyon  shows  that  there  was  a  great  variation  in  the  production 
of  dry  matter  by  the  several  legumes.  Alfalfa  produced  more  than 
double  the  yields  of  the  clovers,  and  soybeans  also  outyielded  them, 
as  did  the  vetch  and  wheat  mixture.  Red  and  alsike  clover  grown 
in  mixture  gave  a  higher  yield  than  either  grown  alone,  while  the 
mixture  of  peas  and  oats  gave  the  lowest  yield. 

It  is  significant  that  the  annual  legumes  in  the  experiment,  with 
the  exception  of  soybeans,  produced  less  total  digestible  nutrients 
in  the  rotations  than  the  biennial  or  perennial  legumes,  and  the 
annual  legumes  had  less  effect  on  the  nitrogen  content  of  succeeding 
crops,  which  Lyon  states  may  be  due  to  the  extent  of  root  systems, 
growth  at  harvest  time,  and  the  period  of  time  the  legumes  were 
on  the  land.  From  determinations  of  soil  nitrogen  made  at  the  begin- 
ning and  at  the  end  of  the  experiment,  it  is  possible  to  show  gains 
or  losses  in  nitrogen  (table  14).  Lyon  points  out  that  the  amount 
of  nitrogen  in  the  leguminous  crops  is  not  always  directly  related 
to  the  accumulation  of  soil  nitrogen. 


Table  14. — Gains  or  losses  of  soil  nitrogen  during  the  period  covered  by  the  experi- 
ment, and  amounts  of  nitrogen  contained  annually  in  the  nonleguminous  crops 


Kind  of  legume  in  the  crop  rotation 

Gain  or 

loss  of  soil 

nitrogen 

per  acre 

Nitrogen 
in  non- 
leguminous 
crops  per 
acre 

Potmds 
+532 
+595 
+607 
+420 
+577 
+410 
-42 
-100 

Pounds 
50.9 

Alsike  clover 

48.8 

Alfalfa 

66.4 

51.0 

Red  clover  and  alsike  clover 

53.5 

Sweet  clover  and  vetch.              .  _                          _                                       ___. 

51.2 

28.7 

24.8 

Data  from  New  York  (Cornell)  Agricultural  Experiment  Station  Bull.  645,  table  10,  p.  14. 

He  points  out  that  the  accumulation  of  nitrogen  in  the  soil,  as  shown 
in  table  15,  can  hardly  be  classed  as  definitely  the  result  of  the  nitrogen 
produced  by  the  legumes  grown.  There  is  very  little  difference  in 
the  amount  of  nitrogen  contained  in  the  various  legume  crops.  Alfalfa 
leads,  with  soybeans  second,  followed  by  sweetclover  and  the  mixture 
of  red  and  alsike  clover.  On  the  other  hand,  it  seems  clear  that  the 
lesser  amounts  of  nitrogen  in  the  cereal  crops  following  the  annual 
legumes  can  be  laid  to  actual  nitrogen  losses  in  the  soil. 

Prince,  Toth,  and  Blair  (101),  in  reporting  soil  studies  made  in  New 
Jersey,  state  that  changes  in  the  chemical  composition  and  physical 
structure  of  soil  over  a  24-year  period  on  cultivated  land  and  on  land 
abandoned  to  grass  and  weeds  show  an  accumulation  of  both  nitrogen 
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and  carbon  on  the  abandoned  land  of  27  and  38  percent,  respectively, 
and  a  loss  on  the  cultivated  land  of  1  and  10  percent,  respectively. 
Both  areas  were  fertilized  annually.  A  detailed  study  was  conducted, 
including  various  fertilizer  applications  and  soil  analyses  for  various 
elements.  Over  a  28-year  period  the  carbon  content  of  abandoned 
land  has  increased  approximately  6  tons  per  acre. 

Table   15. — Gains  or  losses  of  soil  nitrogen  during  the  period  covered  by  the  experi- 
ment, and  average  nitrogen  content  of  the  leguminous  crops 


Kind  of  legume  in  the  crop  rotation 


Red  clover 

Alsike  clover 

Alfalfa 

Sweet  clover 

Red  clover  and  alsike  clover 

Sweet  clover  and  vetch 

Soybeans 

Field  beans 


Gain  or 

Nitrogen 

loss  of  soil 

in  legumi- 

nitrogen 

nous  crops 

per  acre 

per  acre 

Pounds 

Pounds 

+532 

114.2 

+595 

109.1 

+607 

298.9 

+420 

169.2 

+577 

151.5 

+410 

146.9 

-42 

176.1 

-100 

103.0 

Data  from  New  York  (Cornell)  Agricultural  Experiment  Station  Bull.  645,  table  11,  p.  15. 

Wheeler  and  Tillinghast  (133),  reporting  on  rotation  work  in  Rhode 
Island  in  1900,  state  that  soil  shows  marked  physical  improvement  if 
a  grass  or  clover  sod  is  plowed  under  occasionally.  Nine  years  later, 
Wheeler  and  Adams  (132),  reporting  on  the  same  work,  credit  the 
benefit  derived  to  the  incorporation  of  vegetable  matter  into  a  soil 
that  already  contains  a  large  quantity  of  coarse,  partly  decayed  vege- 
table matter  rather  than  to  the  increase  in  humus. 

Hartwell  and  Damon  (50),  report  a  20-year  comparison  of  different 
rotations  of  corn,  potatoes,  rye,  and  grass,  in  Rhode  Island,  extending 
3,  4,  5,  and  6  years.  They  found  that  the  inclusion  of  legumes  as  a 
cover  crop  did  not  show  superiority  to  rye  in  potato  production. 

Holder  and  Hunter  (59)  recommend  that  in  growing  beans  in  Mary- 
land a  4-  or  5-year  rotation  be  followed  to  maintain  soil  fertility  and 
help  to  control  diseases.  Cover  crops  or  green-manure  crops  are 
recommended  as  particularly  important,  owing  to  the  limited  supply 
of  barnyard  manure  available.  They  suggest  the  use  of  such  crops 
as  rye,  wheat,  and  legumes  and  recommend  the  following  rotations 
for  localities  where  there  is  intensive  production  of  canning  crops. 

First  year— Tomatoes,  followed  by  rye. 

Second  year — Peas,  followed  by  lima  beans;  rye  seeded  in  fall. 

Third  year — Sweet  corn,  followed  by  rye  or  crimson  clover. 

Fourth  year — Snap  beans,  followed  by  winter  barley. 

Fifth  year — Winter  barley,  cut  for  feed,  seeded  to  timothy  and  alsike  clover. 

They  recommend  the  substitution  of  snap  beans  for  a  portion  of  the 
corn  acreage  where  a  corn-wheat-hay  rotation  is  practiced,  advising 
the  use  of  winter  barley  as  a  feed  crop  following  the  beans. 

Southeastern  States 


Data  on  crop-rotation  experiments  particularly  adapted  to  ero- 
sion control  in  the  Southeastern  States  are  few,  but  there  is  sufficient 
information  to  demonstrate  the  possibilities  of  using  crop  rotations, 
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as  a  means  of  erosion  control.  Some  excellent  information  from 
Virginia  3  shows  considerable  income  from  good  soil-conserving  rota- 
tions. On  Cecil  clay  loam  in  Appomattox  County,  a  4-year  rotation 
of  tobacco  (dark),  wheat,  clover  and  grass  2  years  returned  more  net 
profit  per  acre  per  year  ($15.87)  than  4-year  rotations  of  tobacco 
(crimson  clover  and  rye  cover  erop\,  soybeans,  wheat,  and  red  cloA^er 
($11.29),  or  corn,  wheat,  clover  and  grass  2  years  ($13.55)  when  each 
of  these  rotations  was  fertilized  with  a  3-8-3  fertilizer  at  the  rate  of 
1,000  pounds  per  acre. 

These  data  from  the  Virginia  station  show  that  the  application  of 
1.000  pounds  per  acre  of  superphosphate  to  3-year  rotations  of  tobacco, 
wheat,  and  red  clover,  and  corn,  wheat,  and  red  clover  produced  rel- 
atively poor  yields  of  all  the  crops.  In  a  4-year  rotation  of  tobacco, 
wheat,  clover,  and  grass,  better  yields  and  slightly  better  quality  of 
dark  tobacco  was  produced  than  in  a  4-year  rotation  of  tobacco, 
soybeans,  wheat,  and  red  clover,  with  a  crimson  clover  and  rye  cover 
crop  following  the  tobacco. 

On  Berks  silt  loam  at  Staunton,  a  5-year  rotation  of  corn,  wheat, 
wheat,  clover  and  grass  2  years  was  the  most  suitable  for  corn  produc- 
tion on  hilly  land  with  a  net  return  per  acre  per  year  of  $13.30.  A 
4-year  rotation  of  corn,  wheat,  clover  and  grass  2  years  was  most 
suitable  for  clover  and  grass  hay  production  on  rolling  or  level  land. 
This  rotation  was  the  most  profitable  of  the  group  studied  ($17.45). 
A  3-year  rotation  of  corn,  wheat,  and  sweetcloi^er  was  best  suited 
for  wheat  production  and  grazing  (sweetclover)  on  level  land  ($16.98). 
The  other  rotations  used  in  this  experiment  were  corn,  wheat,  and 
red  cloA'er  ($16.68);  and  corn,  sovbeans,  wheat,  clover  and  grass 
($12.64). 

On  Washington  silt  loam  at  Glade  Spring  a  3-year  rotation  of  corn, 
wheat,  clover  and  timothy  (831.96)  was  the  most  profitable  of  the 
rotations  tested,  but  the  3-year  rotation  of  corn,  barley,  clover  and 
timothy  rates  second  in  the  net  returns  per  acre  per  year  ($27.86). 

Hutcheson  states  that  for  livestock  production  in  southwest  Vir- 
ginia the  3-year  rotations  of  corn,  wheat,  clover  and  timothy,  and 
corn,  barley,  clover  and  timothy  are  well  suited  to  the  soil  from 
the  standpoint  of  ground  coA'er,  maintenance  of  soil  fertility,  and  all- 
round  usefulness.  In  5-  and  6-year  rotations  with  corn,  alfalfa  has 
been  a  relatively  low  yielder  of  poor-quality  hay,  and  the  corn- 
alfalfa  rotations  have  brought  relatively  small  profits. 

Other  rotations  used  were  corn,  clover  and  timothy  2  years  (3- 
year  rotation),  $15.37;  corn,  wheat,  clover  and  timothy  2  years 
(4-year  rotation),  $22.64;  corn,  wheat,  clover  and  timothy  2  years 
and  timothy  (5-year  rotation),  $20.03;  corn  and  sweetclover  (2-year 
rotation),  $17.43;  corn,  wheat,  wheat,  clover  and  timothy  2  years 
(5-year  rotation),  819.45;  corn,  corn,  alfalfa  and  timothy  4  years 
(6-year  rotation),  S19.84;  com,  alfalfa  and  timothy  4  vears  (5-year 
rotation),  $9.94.' 

Bondurant  (13)  reports  that  the  limestone  hill-land  farms  of  the 
intermediate  bluegrass  area  of  central  Kentucky  are  weU  adapted  to 
the  production  of  grass  for  livestock  and  most  crops  grown  hi  the 
North  Central  States,  especially  burley  tobacco  and  lespedeza. 

3  Unpublished  data  obtained  from  T.  B.  Hutcheson.  Virginia  Agricultural  Experiment  Station,  Blacks- 
burg,  Va. 
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The  study  reveals  that  the  most  profitable  use  of  the  land  is  with 
one-tenth  or  less  of  the  arable  land  in  cultivated  crops,  one-half  to 
two-thirds  of  the  land  in  pasture,  and  alfalfa  on  approximately  one- 
sixth  of  the  acreage.  The  most  suitable  rotation  was  (1)  corn  or 
tobacco;  (2)  wheat  or  rye;  (3)  legume  and  grass  mixture  for  8  to  10 
years  (first  half  of  period  for  hay,  last  half  for  pasture). 

Bailey,  Williamson,  and  Duggar  (6),  in  reporting  on  experiments 
with  legumes  in  Alabama,  point  out  the  effectiveness  of  kudzu  in 
yields  of  crops  in  subsequent  years.  The  kudzu  was  planted  in  1916 
in  the  early  spring,  made  very  little  growth  that  year  but  covered  the 
ground  in  1917,  and  made  a  heavy  growth  in  1918.  It  was  plowed  in 
the  spring  of  1919,  and  from  1919  to  1929,  13  crops  were  grown, 
consisting  of  2  crops  of  sorghum  hay,  4  of  corn,  and  7  of  oats.  The 
average  yields  of  the  crops  are  shown  in  table  16. 

Table  16. — Influence  of  kudzu  on  the  yields  of  succeeding  crops 


Plot 
Num- 
ber 

Growth  of  kudzu 

Average  yields  of  following  crops 

2  crops  sor- 
ghum hay 
per  acre 

4  crops  corn 
per  acre 

7  crops  oats 
per  acre 

1 

Pounds 
3,264 
5,800 

Bushels 
14.7 
34.0 

Bushels 
16.6 

2 

Kudzu 

24.5 

Data  from  Alabama  Agricultural  Experiment  Station  Bull.  232,  table  8,  p.  21. 

The  data  in  the  preceding  table  show  that  the  residue  from  kudzu 
produced  an  average  increase  of  2,536  pounds  of  sorghum  hay  per 
acre  in  1919  and  1920.  The  average  yield  of  four  crops  of  corn  follow- 
ing kudzu  was  more  than  double  the  yield  on  the  plot  that  had  not 
grown  kudzu.  The  average  yield  of  seven  crops  of  oats  on  the  kudzu 
plot  was  7.9  bushels  per  acre  more  than  that  on  the  plot  that  had 
grown  no  kudzu.  In  1929,  10  years  after  the  kudzu  was  turned  under, 
the  kudzu  plot  produced  9.2  bushels  of  oats  per  acre  more  than  the 
plot  on  which  kudzu  had  never  grown. 

The  Georgia  Coastal  Plain  Experiment  Station  (43,  p.  100)  points 
out  some  advantages  in  nematode  control  from  the  use  of  crop  rota- 
tion. Three-year  rotations  (bright  tobacco  following  2  successive 
years  of  common  field  crops,  and  another  after  2  years  continuous 
fallow)  have  shown  peanuts  fairly  effective  in  controlling  nematodes 
in  tobacco,  and  more  effective  than  fallow  (fig.  8). 

The  report  reveals  that  longer  rotations  are  generally  more  effective 
in  reducing  nematode  damage  than  2-year  rotations,  especially  when 
weeds  have  been  used  in  the  2-year  rotation,  but  where  peanuts  or 
crotalaria  have  been  used,  the  tobacco  has  been  seriously  damaged 
from  root  knot.  Four-year  rotations  have  been  the  most  effective: 
Cotton,  corn,  harvested  peanuts,  and  tobacco,  grown  in  that  order, 
give  promise  in  nematode  control. 

Letteer  (71 )  reports  that,  as  a  rule,  root  rot  in  Texas  is  much  less 
serious  where  cotton  is  grown  in  rotation  than  continuously.  In  a 
rotation  of  oats,  cotton,  and  milo,  the  number  of  dead  cotton  plants 
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COURTESY    BUREAU    PLANT    INDUSTRY 

Figure  8. — Crop  rotation  in  the  control  of  root  knot  in  tobacco:  The  tobacco  on 
the  left  was  planted  following  two  successive  crops  of  sweetpotatoes;  the 
tobacco  on  the  right  follows  two  successive  crops  of  root  knot-resistant  weeds. 

has  been  very  small  each  year,  whereas  root-rot  infestation  on  a 
nearby  plot  cropped  continuously  to  cotton  averaged  57  percent  for 
3  years  (fig.  9). 


■I 


Figure  9. — Successful  seeding  of  little  bluestem  in  the  Texas  blacklands.  The 
contour  sod  strips  were  seeded  in  April  1936,  and  the  picture  was  taken  the 
following  August. 
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ROTATIONS  ON  THE  CONTOUR 

As  mentioned  previously,  practically  all  experiments  on  crop  rota- 
tions conducted  by  experiment  stations  have  been  on  level  or  gently 
sloping  land,  and  the  results  can  scarcely  be  applied  to  sloping  lands 


*. 


Figure  10. — Contour  strip  cropping  on  terraced  land  in  Wisconsin.  A  definite 
rotation  is  followed.  Left  to  right,  the  crops  are  grain,  hay,  corn,  hay.  Figure 
11  shows  the  crops  the  following  year. 


Figure  11. — Rotation  of  crops  in  contour  strip  cropping  in  Wisconsin.  Left  to 
right,  the  crops  are  grain,  corn,  hay,  grain,  hay,  potatoes.  Figure  10  shows  the 
crops  the  preceding  year.  It  often  takes  3  or  4  years  to  get  the  rotation  es- 
tablished. 
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subject  to  erosion.  Rotations  are  even  more  essential  on  sloping  land 
than  on  level  land.  If  they  are  to  be  truly  effective  in  maintaining 
soil  organic  matter  on  sloping  land,  however,  other  measures  must  be 
employed  to  reduce  soil  and  water  losses,  if  such  land  must  remain  in 
cultivation  (figs.  10  and  11). 

Contour  cultivation,  terracing,  and  contour  strip  cropping  are 
necessary  adjuncts  to  crop  rotations  on  sloping  land,  employed  singly 
or  in  combination,  as  the  erodibility  of  the  soil  demands.  Contour 
strip  cropping  is  discussed  by  Kell  and  Brown  (66),  who  have  pointed 
out  that  the  flexibility  of  a  strip-cropping  system  makes  it  possible 
to  meet  practically  any  crop-  or  livestock-production  problems  through 
proper  arrangement  of  strips.  Permanent  close-growing  strips  of 
legumes,  legume-grass  mixture,  or  grass  can  be  used  in  an  arrange- 
ment that  will  allow  a  regular  rotation  of  tilled  crops,  small  grain, 
and  legumes  by  fields.     This  arrangement  meets  the  requirements  of 
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Figure  12. — Contour  strip  cropping  that  follows  a  definite  crop  rotation  by  fields, 
an  arrangement  that  allows  the  livestock  farmer  to  graze  specific  crops  or  to 
provide  grazing  during  certain  seasons  of  the  year  without  constructing  tem- 
porary fences.  With  fields  1  and  2  in  corn,  the  alfalfa-grass  strips  can  be  cut 
for  hay.  Field  3  can  be  grazed  after  the  wheat  is  removed  and  one  hay  crop  is 
cut.     Field  4  can  be  grazed  throughout  the  summer. 

the  livestock  farmer  who  finds  it  necessary  to  graze  stubblefields,  hay 
aftermath,  or  tilled  crops  after  the  harvest  or  who  desires  entire  fields 
for  grazing  for  a  season,  as  in  the  case  of  a  rotation  of  corn,  small 
grain,  and  sweetclover.  The  permanent  strips  can  be  used  for  hay 
or  for  grazing,  depending  on  the  crop  that  is  planted  in  the  field  at 
the  time.  All  irregularities  that  occur  in  most  fields  and  interfere 
with  contour  cultivation  by  necessitating  point  rows  can  be  placed  in 
the  permanent  strips  of  grass. 

Such  an  arrangement  (fig.  12)  has  other  advantages  in  addition  to 
its  effectiveness  in  erosion  control.  Small  grain  can  be  harvested 
from  contour  strips  without  destroying  any  grain,  since  the  binder 
or  combine  can  make  the  initial  round  with  the  tractor  or  horses  on 
the  grass  strip.  The  corn  binder  can  be  operated  similarly,  and  the 
corn  fodder  can  be  shocked  on  the  grass  strip  to  prevent  interference 
with  preparing  a  seedbed  and  seeding  winter  wheat.     The  grass  strips 
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can  be  plowed  up  after  a  few  years  and  relocated.  Following  such  a 
practice  will  in  time  put  all  the  land  in  grass  or  grass-legume  sod  foi 
a  period  of  years,  which  is  essential  in  maintaining  soil  organic  matter 
and  structure  that  will  resist  erosion. 


GRASS-LEGUME  MIXTURES 

Roberts  {106),  in  discussing  soil-management  problems  in  Kentucky, 
points  out  that  legumes  in  mixture  with  pasture  grasses  are  as  im- 
portant as  in  rotation  with  nonleguminous  crops.  Bluegrass  was 
sown  in  1923  on  very  good  land  at  Lexington,  one  area  with  white 
clover  and  another  without  legumes.  With  the  legume,  the  bluegrass 
yielded  2,400  pounds  per  acre;  and  where  seeded  alone,  870  pounds, 
Later  cuttings  indicated  yields  in  approximately  the  same  proportion > 
and  analysis  of  the  grass  while  at  grazing  stage  gave  33  and  44  percent 
more  protein  in  the  grass-legume  mixture  for  2  different  years. 

In  showing  the  value  of  the  grass-legume  mixture  in  soil  improve- 
ment at  the  end  of  8  years,  Roberts  analyzed  the  soil  to  a  depth  of  18 
inches  and  found  an  increase  of  62  pounds  of  nitrogen  per  acre  under 
the  grass  and  406  pounds  under  the  grass-legume  mixture,  in  addition 
to  the  nitrogen  removed  in  harvesting,  which  was  practically  four 
times  as  much  in  the  grass-legume  mixture  as  in  the  grass  alone. 

Roberts  (107),  in  further  discussion  of  legumes  in  cropping  systems 
in  Kentucky,  reports  on  the  effectiveness  of  grass-legume  mixtures  in 
preventing  soil  nitrogen  losses. 

Approximately  2  tons  of  Korean  lespedeza  per  acre  were  incorporated 
into  duplicate  plots  on  the  experiment  station.  Analyses  were  then 
made  from  time  to  time  to  determine  the  movement  of  soluble  nitrate 
nitrogen  in  the  soil.  The  average  amounts  of  soluble  (nitrate) 
nitrogen  in  pounds  per  acre  at  specified  dates  are  given  in  table  17. 
No  cover  crop  was  seeded  on  these  plots. 

Table  17. —  The  average  amounts  (parts  per  million)  of  soluble  (nitrate)  nitrogen 
in  the  soil  at  subsequent  dates  following  the  incorporation  of  2  tons  of  Korean 
lespedeza  in  September  (Kentucky) 


Depth  (Inches) 

Nov.  30 

Jan.  7 

Mar.  4 

Apr.  10 

0-6 

6-18 

18-30 : 

16.4 
11.4 

25.4 
21.8 

9.7 
19.3 

20.0 

4.7 
6.1 
8.3 

30-42 

6.1 

42-54  (rock) 

3.3 

Totals.. __ 

27.8 

47.2 

49.0 

28.5 

Data  from  Kentucky  Agricultural  Experiment  Station  Bull.  374,  p.  143. 

The  record  of  precipitation  during  the  period  covered  in  the  table 
is  as  follows  (107,  p.  144)'- 

October,  0.68  inches;  November,  3.41;  December,  2.51;  January, 
5.11;  February,  1.87;  and  March,  7.52  inches.  Precipitation  was  less 
than  normal  except  during  January  and  March,  and  hence  leaching 
probably  was  less  than  during  an  average  year. 

On  other  plots  in  this  same  experiment,  rye  was  seeded  as  a  cover 
crop  after  the  lespedeza  was  incorporated.     The  rye  prevented  the 
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loss  of  nitrogen,  since  no  loss  was  found  after  November  30,  and  very 
little  at  any  time.  From  other  studies  the  following  data  show  the 
importance  of  various  cover  crops  in  conserving  nitrogen: 

Loss  of  nitrogen 
Oct.  10,  19S3,  to 
Mar.  31,  1936 
Pounds  per  acre 

No  vegetation. 310 

Bluegrass _      17 

Alfalfa 15 

Alfalfa  and  bluegrass 7 

Korean  lespedeza  and  bluegrass 86 

Roberts  points  out  that  the  mixture  of  Korean  lespedeza  and  blue- 
grass  was  practically  all  lespedeza,  and  that  with  more  grass  very 
little  leaching  would  occur. 

He  gives  additional  data  that  indicate  the  effectiveness  of  legume- 
grass  mixtures  in  increasing  production  with  grass  alone.  The  yields 
given  are  on  the  basis  of  cured  hay  with  10-percent  moisture. 

Pounds  per  acre 

1.  Bluegrass  alone  (average  1930-34) 1,  945 

2.  Bluegrass  from  plots  on  which  legumes  were  associated  with 

bluegrass  but  had  disappeared  before  the  harvest  of  blue- 
grass  crops  used  in  this  average  (average  1930-34) 2,  950 

3.  Bluegrass  alone  (average  1929-35) 1,  977 

4.  Bluegrass  with  which  red  clover,  white  clover,  sweetclover, 

lespedeza,  and  alfalfa  were  seeded  in  the  beginning,  but  from 
which  the  legumes  wholly  or  partly  disappeared.  Legumes 
except  red  clover,  and  sweetclover  included  in  harvest  with 
grass  until  disappearance  (average  1929-35) 3,  580 

In  summarizing  the  studies  described  above,  Roberts  shows  that 
in  order  to  maintain  good  ground  cover  and  prevent  soil  erosion,  an 
abundant  supply  of  nitrogen  is  necessary.  With  plenty  of  hay  and 
pasture,  less  corn  is  needed  for  livestock  feed  and  more  land  can  be 
protected  from  erosion  and  leaching  by  a  good  sod  cover.  In  the 
central  bluegrass  section  of  Kentucky,  the  production  of  grass  is 
essential  for  the  livestock  industry  and  also  important  in  tobacco 
production.  Roberts  makes  it  clear  that  the  production  of  legumes 
to  supply  nitrogen  for  grass  and  other  nonleguminous  crops  is  de- 
pendent on  the  use  of  mineral  supplements,  particularly  lime  and 
phosphorus,  not  only  for  quantity  production  but  also  for  the  produc- 
tion of  high-quality  feed  with  sufficient  minerals  to  nourish  farm 
animals  and  human  beings.  He  recognizes  the  need  for  proper  land 
use  and  recommends  keeping  as  much  as  possible  of  the  steep  land  in 
pasture  and  hay,  supplying  sufficient  treatment  to  get  good  growth. 
The  grass  should  always  have  legumes  in  mixture.  The  production 
of  grain  crops  should  be  confined,  if  possible,  to  the  more  level  lands 
(fig.  13). 

Willard,  Thatcher,  and  Cutler  (145)  point  out  the  many  advantages 
of  alfalfa-grass  mixture  seedings  over  alfalfa  alone.  Timothy,  smooth 
bromegrass,  orchard  grass,  and  other  grasses  can  be  successfully  used, 
although  timothy  is  preferred  in  Ohio.  The  use  of  timothy  with 
alfalfa  has  made  it  possible  to  extend  the  use  of  the  latter  on  heavy, 
poorly  drained  soil,  where  it  cannot  be  seeded  alone  successfully 
because  of  excessive  soil  heaving. 
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Several  of  the  State  experiment  stations  in  States  where  alfalfa 
is  adapted  are  encouraging  the  use  of  alfalfa-grass  mixtures  as  a  result 
of  experimental  plantings.  There  are  soils  on  which  alfalfa  seeded 
alone  actually  increases  the  erosion  hazard,  such  as  the  loessial  soils 
in  eastern  Nebraska,  where  numerous  fields  in  alfalfa  have  caved  in 
at  several  points,  owing  no  doubt  to  water's  following  the  openings 
made  by  the  alfalfa  roots.  The  addition  of  grass  to  the  seeding  pre- 
vents the  development  of  such  depressions. 

The  importance  of  clover-grass  mixtures  has  long  been  recognized 
(fig.  14),  and  throughout  the  Northeastern  States  and  the  Corn  Belt, 
seedings  of  red  clover  are  invariably  made  with  timothy  in  mixture. 
Seeding  grass  with  sweetclover,  however,  has  not  been  a  general  prac- 
tice, and  it  needs  further  investigation.     This  legume  plays  a  very 
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Figure  13. — Steep  slopes  can  be  successfully  farmed  if  kept  for  half  or  more  of 
the  time  in  perennial  legumes  and  grasses.  This  slope  in  Whitman  County, 
Wash.,  is  seeded  to  an  alfalfa-grass  mixture. 

important  role  in  farm  economy  in  several  sections  of  the  country. 
It  has  been  noted  in  some  localities  in  the  Great  Plains  that  sweet- 
clover  often  leaves  the  soil  so  loose  that  it  blows  readily.  Kapid- 
growing  winter  annual  or  short-lived  perennial  grasses  seeded  with 
sweetclover,  where  adapted,  offer  promising  possibilities  of  preventing 
this  soil  condition. 

The  use  of  legume-grass  mixtures  instead  of  grass  or  legumes  offers 
a  solution  to  problems  frequently  encountered  with  subsequent 
crops.  As  already  pointed  out,  grasses  frequently  depress  yields  of 
subsequent  crops  because  they  incorporate  too  much  cellulose,  which 
reduces  available  nitrates.  Legumes  frequently  overstimulate  the 
vegetative  growth  of  the  following  crop,  particularly  on  soils  of  low 
organic  content,  and  as  a  result  the  crop  is  very  susceptible  to  periods 
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of  drought  and  hot  winds,  which  ordinarily  would  not  damage  the 
same  crop  grown  following  grass  or  a  grass-legume  mixture.  The 
stimulation  is  produced  by  an  abundance  of  nitrates.  The  effect  is 
much  less  noticeable  on  soils  well  supplied  with  organic  matter, 
since  these  soils  generally  contain  a  better  balance  of  plant  food  and 
more  mositure,  which  is  usually  available  through  a  longer  period. 

An  interest  in  a  permanent  agriculture  accords  with  a  general  policy 
of  using  grass-legume  mixtures  on  sloping  lands  subject  to  erosion, 
whether  in  cropland  or  permanent  pasture,  instead  of  seedings  of 
grass  or  legumes  singly.  Exceptions  are  necessary,  naturally,  where 
adapted  grasses  or  legumes  are  not  available. 
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Figure  14. — The  change  from  soil  loss  to  soil  building  on  this  formerly  gullied 
area  in  Washington  came  with  the  seeding  of  alsike  clover,  bromegrass,  meadow 
fescue,  and  redtop  seeded  in  mixture. 

ROTATIONS   RECOMMENDED   FOR   ERODIBLE   SOILS 

In  examining  the  principal  crop-production  areas  in  the  United 
States  and  the  type-of -farming  practices,  it  seems  apparent  that 
there  is  a  close  correlation  between  erosion  problems  and  lack  of 
adequate  crop  rotation.  The  sections  of  the  country  with  most 
severe  and  uncontrolled  erosion  are  those  of  continuous  cash  crops. 
Erosion  is  most  serious  in  the  Southeastern  States,  where  continuous 
cotton  production  has  been  the  general  rule.  Detailed  examination 
within  erosion-problem  areas  reveals  that  those  farms  confined  strictly 
to  one-crop  production  show  the  most  striking  erosion.  Under  the 
one-crop  system,  usually  the  farm  that  has  received  the  most  intense 
cultivation  is  most  severely  eroded. 

Considering  rotations  in  relation  to  erosion  control  and  attempting 
at  the  same  time  to  give  full  consideration  to  the  economic  aspects 
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of  the  farm  business  bring  up  very  serious  problems.  It  has  beeu 
necessary,  owing  to  the  extensive  program  under  way,  to  develop 
standard  recommendations  for  erosion  control,  based  on  soil  type, 
slope,  and  degree  of  erosion.  Under  certain  conditions  of  soil,  slope, 
and  erosion,  it  is  advisable  to  retire  the  land  to  grass  or  perhaps  to 
trees.  There  are  many  farms  in  such  condition  that  all  the  land 
should  be  retired  to  permanent  cover  merely  to  check  erosion.  If  this 
is  done,  how  are  the  farmers  to  live?  Rotations  for  soil  protection 
and  improvement  are  generally  of  necessity  long,  with  2  or  more 
consecutive  years  in  sod.  Installation  of  long  rotations  also  tends 
to  cut  the  acreage  of  cash  crops. 

It  is  not  the  intent  to  discuss  methods  of  meeting  the  situation 
except  so  far  as  crop  rotations  apply.  It  appears  that,  regardless  of 
the  supplemental  practices  used,  erosion  cannot  be  controlled,  but 
merely  retarded,  unless  adequate  rotations  are  provided.  It  is  only 
when  proper  cropping  practices  that  reduce  erosion  to  a  minimum  are 
employed  that  a  truly  permanent  agriculture  is  effected.  In  many 
instances,  such'  supplemental  practices  as  contour  farming,  terracing, 
and  strip  cropping,  and  the  provision  of  proper  mineral  supplements, 
are  essential  in  addition  to  a  sound  crop  rotation  if  erosion  is  to  be 
checked  and  a  permanent  cropping  program  assured. 

The  Iowa  Agricultural  Experiment  Station  and  Extension  Service, 
in  cooperation  with  the  Soil  Conservation  Service,  have  developed 
standard  recommendations  for  erosion  control  that  may  be  applied 
under  the  numerous  conditions  of  soil,  slope,  and  degree  of  erosion 
that  occur  in  the  State.  The  plan,  although  developed  for  250  soil 
types,  6  slope  classifications,  and  4  degree-of-erosion  classes,  is  com- 
paratively simple  in  application.  Simplification  has  been  made  pos- 
sible by  placing  all  the  soil  types  in  5  groups,  using  the  potential 
productive  power  for  corn,  small  grains,  and  legume  crops  as  a  basis 
for  the  grouping.  The  ratings  place  the  best  soils  in  group  1 ,  the 
poorest  in  group  5,  and  the  intermediate  soils  in  the  intervening 
groups.  Optional  ratings  are  necessary  with  many  of  the  soils  be- 
cause of  drainage  conditions.  The  degree-of-erosion  classes  used  are 
(1)  slight  to  none,  (2)  moderate,  (3)  serious,  and  (4)  severe.  In  the 
first  class  less  than  25  percent  of  the  surface  soil  has  been  removed, 
in  the  second  25  to  50  percent,  in  the  third  50  to  75  percent,  and  in 
the  fourth  75  percent  or  more.  All  the  commonly  grown  crops  have 
been  used  in  developing  the  recommended  rotations.  These  rotations 
have  been  built  up  from  available  information  combined  with  the 
judgment  of  a  group  of  men  with  many  years'  first-hand  experience 
with  the  soils,  crops,  and  erosion  problems  of  Iowa  farms. 

Data  concerning  slope  and  erosion  must  also  be  available.  These 
data  can  be  obtained  by  soil  technicians  in  connection  with  the  regular 
soil  survey  or  by  a  separate  survey  if  a  soil  survey  of  the  area  that  does 
not  include  data  on  slope  and  erosion  has  already  been  made.  The 
information  is  fundamental  to  proper  application  of  the  plan. 

Table  18  summarizes  the  recommendations  concerning  cropping, 
and  extends  from  short  to  long  rotations.  Permanent  pasture  is 
included  for  those  areas  not  safe  to  crop.  The  symbols,  consisting  of 
numbers  and  letters,  given  in  the  table,  refer  to  the  cropping  recom- 
mendations listed  at  the  end  of  the  table.  Legends  are  also  given  at 
the  end  of  the  table  for  specific  crops.     Soil  types  within  groupings 
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are  not  given  here  but  these  can  be  obtained  from  the  original  publica- 
tion,4 from  which  table  18  has  been  taken. 

It  will  become  evident  immediately  that  in  any  particular  locality 
this  table  of  crop  rotations  is  limited  in  use  since  it  gives  only  a  few 
soil  types,  although  these  may  represent  all  five  soil  groups.  Grouping 
the  soils  according  to  productivity  is  the  most  difficult  and  important 
step  in  developing  the  plan,  and  when  this  has  been  done  it  is  a  simple 
task  to  develop  the  necessary  data  for  a  small  drainage  area,  a  town- 
ship, or  even  a  county. 

It  will  be  noted  that  supporting  practices  are  shown  in  table  19. 
It  is  possible  to  use  contour  cultivation,  contour  strip  cropping,  and 
terracing,  where  adapted  to  local  conditions,  and  to  reduce  the  rigidity 
of  the  rotation.  For  example,  on  group  1  soil,  from  2  to  7  percent 
slope,  with  moderate  erosion,  strip  cropping  or  terracing  allows  33 
percent  of  the  land  in  cultivated  crops,  whereas  without  strip  cropping 
or  terracing  only  25  percent  of  the  land  is  placed  in  cultivated  crops. 
On  the  same  soil  and  slope  with  serious  erosion,  terracing  allows  25 
percent  in  cultivated  crops,  and  strip  cropping  or  contour  cultivation 
20  percent,  whereas  without  supporting  practices,  only  16  percent  is 
allowable. 

Boatman  6  discusses  the  general  plan  of  applying  crop  rotations  to 
effect  conservation  of  the  soil  in  the  upper  Mississippi  Valley  and 
emphasizes  the  necessity  of  giving  consideration  to  the  physical 
characteristics  of  the  soil  and  the  degree  of  erosion  in  addition  to 
several  other  factors.  Boatman  has  been  active  in  developing  the 
general  plan  of  approach  to  crop-rotation  problems  given  in  the  two 
preceding  tables  and  in  the  table  on  page  40. 

Cardon  6  says:  *  *  *  the  ideal  of  soil  conservation  in  America  will  become 
a  fact  when  farm  practice  generally  accepts  and  includes  in  cropping  systems  grass 
as  grass  and  not  as  an  expedient.  When  American  farmers  become  truly  grass 
conscious,  they  will  plant  and  manage  grass  in  rotation  with  other  crops  because 
they  appreciate  its  intrinsic  values.  Then,  soil  conservation,  in  all  its  aspects, 
will  follow  as  a  nalural  consequence.  *  *  *  Farmers  will  accord  grass  its 
proper  place  in  American  agriculture  when  they  become  convinced  that  grass 
culture  is  economically  feasible  not  only  as  a  dependable  source  of  feed  for  live- 
stock, but  as  a  soil-improving  crop  to  be  reflected  in  the  returns  from  other  crops 
and  as  an  otherwise  legitimate  component  of  cropping  enterprises. 

The  main  value  of  crop  rotation  for  erosion  control  lies  in  the  sod 
crop  and  the  reduction  in  soil  cultivation  or  tillage.  As  has  been 
pointed  out  clearly  by  Bradfield  (14),  sod  crops,  and  grass  in  particular, 
produce  an  excellent  physical  condition  of  the  soil,  and  this  is  essential 
in  erosion  control.  Many  of  our  soils  have  been  seriously  abused ;  in 
addition  to  severe  damage  by  erosion,  the  organic  content  is  very  low. 
To  restore  organic  matter  and  to  recondition  soils  physically  it  is 
necessary  to  return  them  to  sod.  The  poorer  the  soil  in  organic  matter 
and  the  more  susceptible  it  is  to  erosion,  the  greater  the  percentage 
of  the  time  it  should  be  kept  under  sod,  if  it  is  to  be  improved  or  even 
maintained.  In  addition,  the  years  in  sod  should  be  consecutive. 
Two  consecutive  years  of  sod  crops  in  the  rotation,  followed  by  2 

*  Iowa  Agricultural  Experiment  Station,  Iowa  Agricultural  Extension  Service,  and  United 
States  Soil  Conservation  Service.  Suggested  crop  rotations  according  to  soil  groups,  degrees 
of  sheet  erosion  and  land  slopes.    [6]  pp.,    illus.  n.  (1.    [Mimeographed.] 

s  Boatman,  J.  L.  crop  rotations  and  strip  cropping  for  erosion  control  in  the  upper  Missis- 
sippi valley.  Paper  presented  at  the  annual  meeting  of  the  Amer.  Soe.  Agron.  Nov.  16-18,  1938.  5  pp. 
1938.    [Mimeographed.] 

6  Cardon,  P.  V.  the  place  of  grass  in  an  erosion-control  program.  Paper  presented  at  annual 
meeting  Amer.  Soc.  Agron.  Nov.  16-18,  1938.    5  pp.    [Mimeographed.] 
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Table  19.— Recommended  land  use,  crop  rotations,  and  supporting  conservation 
practices  based  on  soil  type,  slope,  and  degree  of  erosion.  Lime  and  fertilizer  are 
to  be  applied  according  to  test  or  need 


Soil  type 


Slope. 


Degree  of  erosion 

Slight  (1-2) 
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Serious  (33) 

Severe  (4) 
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9 
9 
9 

9 
9-10 
9-10 

9-10 
9-10 
9-10 

I  Grundy. ._ 

Tama 

Muscatine 
II  Clinton   _. 
Shelby-  _. 


ITT  Gosport. 
Lindley- 


A,0-2%_._. 
B.  2-7% .... 
BB,  7-12%. 
A,0-2%.__. 

B,  2-7%  ... 
BB,  7-12%. 

C,  12-15%.. 
D,15% 

A,  0-2%  ... 

B,  2-7%.... 
BB,  7-12%. 

C,  12-15%.. 

D,  15%-..-- 


Recommended  practice.     N  =  No  practices.     C  =  Contour  tillage.     S  =  Strip  cropping.    T  =  Terracing. 
x  =  No  such  condition  exists. 

[Percentage  tilled  crop] 


Percent 

1.  C-C-SG-Me 50 

2.  C-C-SG-Me-Me 40 

3.  C-SG-Me 33 

4.  C-SG-Me-Me-..- 25 

5.  C-SG-Me-Me-Me 20 


6.  C-SG-Me-Me-Me-Me. 

7.  SG-Me  (4yrs.) 

8.  Permanent  hay 

9.  Permanent  pasture 

10.  Woodland 


Percent 
....  16 
....  .    0 

0 

0 

....      0 


years'  cultivation,  is  a  much  more  desirable  arrangement  than  alterna- 
tion annually  of  sod  and  cultivated  crops.  One  year's  production  of 
roots  by  a  sod  crop  can  accomplish  little  toward  soil  improvement, 
even  under  favorable  soil  and  moisture  conditions.  With  moderate  to 
serious  erosion  present,  even  on  a  moderate  slope,  2  consecutive  years 
in  sod  is  essential,  and  as  the  slope  and  erosion  increase,  years  in  sod 
must  increase  until  a  point  is  reached  at  which  the  land  cannot  be 
farmed  to  tilled  crops  but  must  be  kept  in  sod  crops  permanently. 

For  the  prevention  of  erosion  damage,  the  selection  of  the  par- 
ticular crop  grown  in  the  rotation  is  generally  not  important.  The 
cultivated  crop  may  be  corn,  cotton,  potatoes,  or  any  other  row  crop; 
the  small  grain  may  be  wheat,  barley,  oats,  or  rye,  although  spring 
or  fall  planting  may  make  a  considerable  difference  in  the  amount  of 
erosion ;  and  the  sod  crop  may  be  one  or  more  of  innumerable  grasses 
or  grasses  and  legumes.  The  principal  importance  of  the  rotation  in 
erosion  control  lies  in  the  number  of  years  in  each  of  these  three 
groups  of  crops;  there  being  little  if  any  advantage  in  rotating  corn 
and  cotton,  or  corn,  small  grain,  and  cotton  on  erodible  soils.  Millions 
of  acres  of  land  have  been  lost  under  these  and  similar  rotations.  It 
must  be  recognized  that  the  time  spent  under  sod  is  the  soil-rebuilding 
period.  And  sod  alone  will  not  suffice,  unless  the  necessary  mineral 
supplements,  such  as  lime,  phosphate,  and  potash,  are  provided. 
Even  grass  will  not  grow  without  plant  nutrients ;  and  without  heavy 
root  formation,  the  soil  will  not  be  improved.  Further,  it  cannot  be 
expected  that  soil  will  be  improved  if  the  sod  crop  is  closely  and  con- 
tinuously harvested.  In  order  to  develop  good  root  systems,  grasses 
and  legumes  must  be  allowed  to  make  substantial  top  growth. 

The  crop  rotation  alone  is  not  capable  of  controlling  erosion,  but 
it  is  fundamental  to  erosion  control  and  permanent  agriculture.     It 
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has  been  seriously  neglected,  and  must  now  be  given  its  place.  The 
introduction  to  the  farms  of  this  country  of  crop  rotations  that  are 
adequate  for  erosion  control,  when  these  rotations  are  supplemented 
by  supporting  practices,  fertilizers,  manure,  and  good  farm  manage- 
ment, will  aid  very  materially  in  stabilizing  crop  production  and  in 
developing  a  sound  and  permanent  agriculture. 

SUMMARY  AND  CONCLUSIONS 

In  the  literature  dealing  with  crop  rotations  there  is  a  dearth  of 
information  appli cable  to  erodible  soils.  The  need  for  additional 
experimental  wTork  with  crop  sequence  and  rotation  in  order  to  make 
plans  and  recommendations  for  preventing  soil  losses  is  extremely 
urgent. 

Considerable  information  is  presented  that  shows  tremendous  losses 
in  soil  organic  matter  occur  under  continuous  production  of  a  single 
small-grain  or  row  crop  on  soils  subject  to  little  or  no  erosion.  Soil 
organic  matter  has  not  been  maintained  under  crop  rotation,  although 
the  losses  have  been  materially  reduced  where  land  has  been  kept  in 
sod  crops  for  2  or  more  consecutive  years.  Increases  are  reported 
under  continuous  grass  and  continuous  alfalfa  on  lands  subject  to 
little  or  no  erosion. 

Soil  organic  matter  is  important  in  preventing  both  wind  and  water 
erosion.  The  granular  structure  produced  by  grass  roots  in  prairie 
soils  is  highly  resistant  to  wind  and  water  erosion,  whereas  sweet- 
clover  frequently  leaves  the  soil  loose  and  particularly  subject  to 
wind  erosion  under  semiarid  conditions.  The  erosion-control  value 
of  different  kinds  of  organic  matter,  whether  it  be  produced  by  various 
species  of  plants,  or  supplied  as  manure  or  mulch,  needs  much  study, 
since  it  is  apparent  that  results  vary  on  different  soils  and  under 
different  climatic  conditions. 

The  sequence  of  crops  in  the  rotation  is  highly  important,  as  is 
indicated  by  the  limited  information  available.  Crop  sequence  is 
effective  not  only  in  amending  crop  yields  and  soil  erosion,  but  in 
the  control  of  plant  diseases  and  insects.  Studies  of  crop  sequences 
and  their  effect  on  erosion  control  are  greatly  needed. 

An  attempt  to  develop  recommendations  for  erosion  control  from 
a  review  of  the  literature  results  in  a  somewhat  confused  picture,  or 
even  in  conflicting  recommendations.  This  merely  emphasizes  the 
need  for  carefully  planned  experimental  work  designed  to  determine 
the  type  of  farming  that  can  be  conducted  under  the  many  varied 
physical  conditions  in  order  to  develop  a  truly  permanent  agriculture. 
Presentation  of  pertinent  information  for  the  great  soil  groups  has 
been  attempted. 

In  the  northern  Great  Plains,  sod  crops  apparently  are  an  essential 
part  of  the  rotation,  grass  rather  than  legumes  being  used  as  the 
basis  of  sod  in  dry-land  farming.  Alfalfa  can  serve  effectively  as  a 
sod  crop  under  irrigation.  For  erodible  soils,  grass-legume  mixtures 
should  be  used  where  sufficient  moisture  is  available  to  produce 
legumes.  The  use  of  legumes  for  green  manure  in  dry-land  farming- 
shows  no  advantage.  Information  is  needed  concerning  the  length 
of  the  rotation  and  the  period  the  land  should  remain  in  sod.  More 
information  is  needed  on  the  use  of  crop  residues,  trashy  fallow,  grass , 
establishment,  and  many  other  problems  relating  to  crop  rotation. 
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The  use  of  legumes  in  the  crop  rotation  is  a  generally  accepted 
practice  in  the  Corn  Belt.  It  is  recognized  that  grass-legume  mix- 
tures are  essential  in  rotations  for  erodible  soils,  and  that  as  the  sus- 
ceptibility to  erosion  increases  the  number  of  consecutive  years  of 
sod  in  the  rotation  should  increase  or  the  years  of  cultivated  crop 
should  decrease.  The  importance  of  lime  and  phosphate  in  increasing 
or  maintaining  the  organic  matter  cannot  be  overemphasized.  More 
experimental  work  comparing  the  comparative  effectiveness  of  acid- 
tolerant  and  lime-loving  legumes  in  a  permanent  agriculture,  is 
needed. 

From  the  standpoint  of  the  soil  conservationist,  the  crop  rotations 
of  the  Northeastern  States  are  more  nearly  representative  of  rotations 
in  a  truly  permanent  agriculture  than  those  of  any  other  section  of 
the  country.  Several  grasses  are  well  adapted,  easily  established, 
and  widely  used.  The  need  of  lime  and  phosphate,  even  where  these 
amendments  are  extensively  used,  as  in  the  Corn  Belt,  deserves 
more  emphasis. 

In  the  improvement  of  physical  conditions  of  the  soil,  the  urgent 
need  in  the  Southeastern  States  is  for  perennial  grasses  and  legumes 
that  can  be  readily  established  and  used  in  the  crop  rotation.  In 
general,  the  soils  are  more  nearly  depleted  of  organic  matter  and 
more  severely  eroded  than  in  any  other  section  of  the  country.  Little 
use  has  been  made  of  lime,  but  the  need  for  it  and  for  phosphate  in 
any  attempt  to  rebuild  the  supply  of  organic  matter  is  urgent. 

Crop  rotations  must  be  considered  first  in  relation  to  the  physical 
aspects  of  land  use  if  a  permanent  agriculture  is  to  be  maintained. 
The  natural  fertility  of  the  soil,  its  present  condition,  the  slope,  and 
the  climate  are  all  extremely  important  in  any  program  of  proper 
land  use.  With  full  consideration  given  to  these  and  to  supporting 
engineering  practices,  field  arrangements,  and  proper  mineral  sup- 
plements, the  time  has  come  for  the  attempt  to  establish  the  cropping 
practices  to  meet  the  economic  requirements  of  production, 
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